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Ml 1 I IP! h -ACCfcSS Ml 1 1 IPI IMNPl 1 Ml 1 i 1 PI I- 
OlTPlT<MIMO*COVHVir\K \ilO\ *\SITM 

BACKGROUND 

L Field 

pOO | H pr w 5 i u j N nication * more 

,» U K««H, U « > i 3 t * x 0> ■> 

II* Background 

f 1 04>;2 \ $ i * 

types of communication such as voice, chu and so n These systems may be multiple- 
access systems capable of supporting communicator* wish multiple users- < -mquefmaBy 
ly> by gtaritn it and 

s jpk k c\ 

>MAf ? > s - ^ ^ s ; t s s - < 

n»a v ^ ^ , « * 

1 1 063]' In a wireless:- comnoebaatkm system (e.g., a cellular system, a broadcast 
system, a multi-channel mermpoioi distribution system (MMDS), f oilsersK an RF 
modulated signal oora a transmitter unit, may reach a receiver one via a camber of 
, - ; ^ ^ n „ i 5 i < s0\ n O 

s h > K" 1 «. m , i • n d< < i b 

in t ; * >s ml o[oc 

emmnnamv os '0,00.- * ^ i 1 * >c ! u n \ t-m a 0 If d e pKpi > ' 
paths movx-un em nam em :od ;mes • umoma m hne.ch ■ denetKkm: a 
oansmissjott on one path is not formed as a linear cmohinahon of the oaostmsssons on 
other paths), which is - < tree o s kast an s f <> h. the hkehhoed ,u mmV.h 

cm < la mi s m "!< j ms i i \*?e h a«t tus "koa U i 
u v , escs OS-ream pro u; *h m nsn md receive 

antennas increases. 

t % muhsph "m 0. 1 * m it iM M ! >) mam n 

i t ame«H&5 and ! a oh x >. ^ s - * data 
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p >sn*s>> \ MJ'.MO v.bt " formed by the \ as > d \ receive a;to :: :,^ 
f Cuuv'inpOsCC o *^ J * \ \ \ x 

1 < iito 5 v. ii < SO J I'O 1 d > , 

1 < k > > S ? S » > N < s O . 

|vs n > 1 s ^ > M > e ! -sond m< 

v. j S 11 W'UKI IM ' > S <> ' d 

fftoi: ' h < i !> v i n s, k » * o >> 

v<!!M< < u\ , <. >»« ) t . qui > s J k ol - ' v V s- ,\ U;> > 

> m i < 1 1 n s os 

S f s fi , ! 1 >lb U? >M! 

SOi'*' iK, I 1 i > NS v 

capable of flexible operation and > >>\ ? < > improved system u t n > ^ 
SUMMARY 

\imB j < u ! % ^ 

i u 1 >ik i S i ' * and 

i 1 e > ! m ? s 

! <> n s < > t v »i ipk 

o.o^.cn M t N > s 4 > n ot A 

com rmni < i >pk>> - 1 ? N itU i \ ihi bove ' , s j, 

^ N ^ ^ fP SS V > \ V ! > > - > 

,}<^> > . ^ < , <v e ^J,!" »' i >'> r^^.ii 

transmission in order to mom closely mamh toe d<0;; tmtonosomt; to die capadty of the 
« i<> • . With adaptive transmit processing, the coding sod modulation scheme used 
for * s i s o ! 1 o? cu Hi the 

, ■> ^ > n s> ^ ^ i ^ i d b n m< ' t m <- ! * " 
fhe CSI may h s s c.-enct um\ {e.g., a I i f «» , I to a 

' ! 1 hito> < >o s I i < < u ' ! 

j'dn J 1 ! W'i'ir Iv.t' < v i. st x > !l < >j 
(H>MV| i s io>K e 'to s 5 i 

s cj\ d vis muH >k Jinetj ^s at t ;ee;ver umi Various res o i pi 

i P> s s f ~< hO » !i 1 !J > V? * <. S ! > > is 

om i j * M\'Shuec!to!p5 tnM'MS kas 
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v. fod f.$ * ! < <. 5- x 1 ?! it { x ^ i !s ! 

cancellation < N I k hese receb >ce&s 

l- if* v be ^i^ru^o.sS e>.j < on b k> on n x in t>c <ofo , v - ^ 
* p i » <. 

jlOll) 5 < > 1 * >. < e provfoei v!^ ! ! el!s i 

« * i < <u i > i s i <.x h ^ ??s Via 

adaptive < schemes <i power becfo-sdh the iranstrfo power on the downlink and/or 

p X < ! i I , I \ < U ^ K i - <■ ! <. 

an hi d t i 

ii 1 :; > ! > i \ i in \ J 

i <-imh > on i dooodofo and uplink. These scheduling seheaoea may be deigned 
to opbrorte tronsmisfoens be g., noreefooe thmoigbpot) for couch; or multiple terminals hi 

! v. n t lis 1 . ps 

,u < 1 v -! ' ' ~< i * e?tani 

properties of foe system (e.g.- on hun\e- diversity, receiver processing ieduuquesa aud 

SO 01 i SYS 

|10.i3 'fo invention are 

< ? g I el fee in < i , , < ' x j f <> , 

t > \ <x nm m\ o ami 

so on that ttnUt, various, aspects, mm em \ and features of the o a o ^ as 
described us further detail below, 

BE IFF DESCRIPTION OF THE DftVWlNGS 
P'024] > 1 s, nadux ! < *ent mventio beeom 

(> v s ->< i O i > !! t i i > > 

with die drawings m which foe redteme characters identify correspondingly 
fon ughout and \« 1 e> * 

! rt-^ k< i > v , n i p v s * x i 

s u.o-a covets end embed menu o: i v ,mo = v x impk^ « tted 

! v \ s \ n ? x i > P ( j i m ? <. so I in K i 

> v'll^O! OiffiKU' i.S^'hi , \, p v oK 

"1 fofo s \ i h ! > I ' -i- <S eosbed>n< -o <>l x Mfo> ' < n,o ' nt 
capable e afousbog irt proceassrsg based on the available partial CSi, 
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hUH| ^ x;i •> » H o u . 1 * t n ' o < i i o^ <1- 

of processing data based on selective <. •> 1 inversion; 

HOIS'] FIG, 3C * a block h * .;n ' »ktd of :': n i mh 

ol p w ^ J ; > based on bsll CSi; 

1020] ?G G > , * s >od n of a 3X mi t c&pebk 

of wdcpenmn v eomna 1 <» . > 1 ma. ; ; Gu v t u op * »k< M , , ebaooels 
|OMs > 5 ' ' ' < m v 

i It I i V i i J \ > 

\}^>A] 1G. 4-A O ;i block i SO 3 >< ^ ! " 0- , Rp VllMO/data 

■■^ v sot \<->Up ,<■!-*,' 'in ; 

, s U - 1 > a H > < >» i ^ ^ 

M ! i M , S > 1 S i * l ^ l > . , N M\ 

technique, the !'.>FB ted^ousae, and the successive caoeeslaFoo receiver proeessusg 
\iv r» i ih s "m i- 

p3 ! "*4 t ! < ' x M 

>t».^ d >> 

|1025 1 - 1 * i UM > , k I 

! ' G G 5 i i 5b 0.003X0! 

psoot ' I 

\tt2': < \ W> > 5 ! v t ! K 

3N.I - s ox! 

fpfG > ! i s i ! s \ 1 1 'K ui a 

cob for a Gee.U reuse pattern; 

(1029) 1G b is a di s < ass oGnxG; rs! < s so res pas iomng and 
ill ;ooo lo > v I % « «a 

|H Mi \ \ i i H! *t! i S 

reuse sGoesru?; 

taromah for data fraessmsaioa based on priority; 

H022j FIG. SB o a flow diagram of an eonsoGp-sent o v poxesa \ ;ss-^gn >? s f 

terminals fcas&d on prion;;,'; 
f 1.033) FIG. 8C is a flow diagram of an embodiment of a process to upgrade, 
terminals to < * , \ based on priority; 



GS 9A mo 5 *x >^ low d ns of « jodiments >rocess to 
M.h-d> \ term , \ . jt eo^ u' h "\ 'i is ' h * tnavanvsnur ^s^uc" 

xf n O v Ot Df H\u < i 0*. \<.s^- O < *'^'0'i 

s oft ft > raasmksio \ > \ nax* 

11036 GS 9< a;-; tOB art Bo* diagram o embex ■ us o t process to 
i< <. - o \ f i < n rn t \ t > > k " ' 

oplink, " w>> 

jissr > f < s *o i * t 5 > > ^m< 

four transmit antetu>as and four receive antennas per terminal for a number of opersbna 
modes; 

< , > < a , a , , oar res &b _ 

> > i U s \ 1 ! U 

1 1 $39f MQ. 1 ! € shows f esf.1 lor # simulated cervvork of coil's with I 

v r * < a ! --ft' . t in 

WTMLID 3>B8CMf T ION 

I, Overall 

(IWOf i i < < thai 

supports a number of users and is capable of irnpkaientrng various: aspects and 
embodiments of (he tnveatmn, System btb orov;oe$ u for a number < 

v v.* v * s s U * v i ? 

stahen 104 (which may rasa be reiened to as an access poraa a node 8, or some odaa 

I v > - S , U 1 So 1 l\ '< , ' < J 

j t u xtf ^ , ! k u .is J ,r\ < ( r t «. u > a e ol wa a - . 0< S . I he < < o 

^ ' - > l S v. O O I 

si 04 M As shown in Fill U various terminals Km are dispersed throughout foe 
mu.nn v - reman -an t\ *WsU i t , < i no 

v , a, ^ ^ * ■> o v > v\ < > i < < n t ' < , - 

asjy x. ^ 1 ^ i •> o * ( u i t ! > <« "soft 

haraioff" is ett^ployed, and so on. Tho n h (forward aok) re.fcrs to araoamissioo 

n< ^ - a v s » ! a t< h< < > i 

torn t i tentdnai to the base station, la FIO. L base station 104a eomrnaoicates , 
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u > v v t a 4 ) ^ v uvwmi ►« ru oh c »d 106d 
' < >ks c » kn>g aril so on 

« TA \ r*^ Ls v . ^ h HaDM> 

« a « < ! v is > N > ^ > Ul\h \ >\ \ 

and >k TM \ s •< * k it v *\ t > o^J ^ t <■ MoM * ormyumcaljou 

refcraocsa 

1 3 4^1 i ! \ ^ < - < r 1 

smploys multiple \ f mil ««< »as an< > Is: iN K ! c«;ivv fo >!n. 

. » 1 % \ * V i \ ' \ J'M) 

;aa\ be skcomposed into Nc ^vx^ -\ > a v i with v < * : ^ ibb, Nr}> Bach of 
di \ ! iro J-> k ift ^ i t t 1 \ \ 

! ft > ' < < v ! N 0 

f it I \ K ' i Hi > t <. 

(1044| System 100 may alternatively or additionally utilize orthogonal frequency 
division oohtiplea (OFDM), whkh effectively partitions a operating frequmcy band 
) ^ > > x t i i ii < h < -0 

«HjlU , ' < <- ' 3 , v s ^ v 3 1 * s n > 

? ^ ^ 1 ^ n t <. 0 \< 

5 < . O , " ^ 

I hu^i System H)0 may be ^ y * \ o * - transmit dans via a number of "transoHssioa" 
v;^ao. <o \ \ , Nv , v t » > > t v * <. - %yad>\ nh one 
iv f , k spatial snbcliaur \ < a s tiansr*is.st<« 

channel. For a MIMO svsieo: utih^inu OFDM > iosaab > J » t each 

inency Mihchaaoo s ' el to sssos *>o > t < * 0 >\ 

S V. . \ V Ci ! P X 0 . V V i < )U < X 

h< refertcd h - lot) c-haan 

x 4** n 1 > o v i 

* fi!kooii • i"arjvnss-?aon nntt tba? nan be <* i-a^ s^k »r ^ fD'-l \ > eas a 
bd v v i * x t ^ a x v>< ^tK ! 

CD.MAsyatena 
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* u*nrot ^ h, o > ^ ->ua 
receive antennas; 

*ww ' » ^ 1 i \ ' 

i I \ < h > f s 

tn&> be transmitted 

* 5 taj subch mej n Ukkpc-iiJ i > 
diniensionabty of U cornoaurocshor; chariaei between b;e Oaearaut and receive 
antennas; m& 

| !047) The ^ < p > ^ > < - > > < , e t ^ \, onn 

k vSs i * ' 0 \ < > >; 

may send meiopie independent dins streams on tbe same communication channel to a 
Single i »} ( N f » to ts N * to 

. q ! i < s < \ dim he Psnsu idte< > 1 

>* v*n System 100 .may be designed to support a number " ,< > modes, in 
the system,, each base station may he equipped h both multiple e a , to and receive 
antennas tor data Pansrmsstoo and reception, and each s..rmmaJ may be equipped e. eh a 

5 > i \ i 5 < i j mi s v a <kk s i o < Ui asm 

naesrnissioo am) reception The number of antennas used for each terminal type may 
be dspemltm ot ud * = I t - f >rt 1 >\ 

ermimd 0 v > ) s * i mi < a> 

us 5 t i i ! odes that may h 

supported by system 100, 
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* SiSO (Single-Input. Single-Output) - the RF hnk is clur^ctc-r«e<i h> a smgte 
f^im -m ^una nx 3 - <, > i 

* SIM;") (Single- inpnL Mulhpiexbmpuf) - Ox RF ^ is da" exrtted by & single 
transmit antenna and multiple receive antennas This operating mode may be 
used for recede diversity, 

* It <i V. ih I' rut > > « \ 5 !u ! i'-'AUiosNa 

ft < s j * mterrn hs oper o n£ mode s >s 

used for transmit diversity 

* if s x t n M r <. O v n n a h> 
$ \ sr- '-•'■-si 1 , a ,Xe; > and < , ps :a ^ m'o oi 

> i ? f ! , <. ^ a 

modes when M1M0 is employed; 

* s <. t ^ v s n H N > ux u < - t xX 
transmit and receive diversity) to achieve highly reliable transmission of a single 
data stream, 

* fo^md;al.llhlfo^ - the use of bods 
multiple transmit and receivo antennas to achieve high data rates for a single 
terminal by creabng multiple parallel n u s m channels by exploding the 
spatial diomasiooalby of the > a „ x^ • hannei. 

* ddhihdLmhM - the use of mohobo 
trans.a 5 aid receive am o.oas to , eoo xi, e > mxmm u n a ti multiple 

* M 1 5e of nudti] m ' ux eebu tens to 

it no < . - > 1 Mfou * 

J, - b , V ! 

s oxv\ i 1 i s i 1 ' n ' 

IS1 i\ > i ^ l i ! } * * ( , \\ each 

terminal are <Jt pendent - part on the i < - <o * - x and secerne antennas available 
at the base station er terminal A base station equipped with -multiple transmit antennas 

O v. „ v X! s i - i ? ! < A 

terminal may he designed with any number of transmit antenna and any number of 
o i *n th <\ u o - s m „ * t< t e > < it 
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is < J^J v s ^ u^ v \ 4 MNO w\ and a 

. ,j * < n i \$\ i s >x > n 1 ' V s Some 

terms <: Pamamt diversity jic MldOt may he employed for some transmissions for 
single axdve antenna terminals. On the apihdc single transmit antenna terminals may 

>v - %{i mods 0 ST! it v i 5 \ V1;T' 

MISO and MIMO modes. 

1 > \y < d„ 1 > ! * > h » ' * > 
<;<»*m i ! ih i s > n x < >. < it 

of sysl.an flexibility and bother support a mixture of o ^ n types. The system 
conh gimmes t for the dovmimk and opUnk is likely to be different dee to varioes 
> < < i < * . , < and 

pabi , > s 

nnst ] , ' , ( s be 

s j ( ' ' 1 some 

on ' sit < n > v. > i > v - s v 

used to sand data to different terminals using parallel transmission channels. In this 
ease, each terminal may employ multiple receive antennae along with spatial processing 
k j net) m ! , ! > t < j i d s > , ok 

the bass station's receiver nmt nses o deph receive aniennas along eon spatial 
p < , x v >. > 1 ! ) * mot na i k Of s 

SjtM s nm n 5 ' I Mi I - ia i n >v < Met yl 

C '^H' , b \ ^ s > > > > f ' i 

i vj. o > ! u > ^ ' t > > S n v. s > f e 

A spans; signature comtimtes a complete P.f cksoKiterssanoe of the propagation path 

betvv>v f\c ^ m n • m 11 - < 1 > s <u , > t . <^nh k h 
< x ! ! i > d im The 

i i K< .tiki v.Uiij'U ti> ek\t i sd ^! k 

nsstos ie same channel, and to derive mutual! > x 

m h ) it jii i s n ! i On 

id - .monk. The base station may derive she spatial Signatntes of the different tetmm.d:.. 
The I s> >n m n > e f;u \ s vv ^ s o > ^ s v< e <. 'ennnnK > 



woo;mmo?M5 pi i r><e?5w 

lrajis:msssO*" irul \> tFoher s, ?-> o^ hie v ^->m -ooons ftom iMk -ckvhdoh irrrrma& t.i 

n i\ * demodokie each o 
iOSSj If U ro * are equipped with yndiiple re eh r nnss, t whe ! g 
t> <> < b i < ! s U, v' li'^i) 1 'tM-hjflnfi v v 

O M ' A Ml h 0 1^ he iK.sk I i> < ! , o. '\ 'Pi > a -* i > j ^ ^ ; „ s tJt , 

i> < mu<d indicating the ^ ^ 

each bass rati tra«s»m mtensw t$< n< hJuU*!^ ji the ^nunm!. c SNF, 

i S si s ! * i ^ ! * » 5 ^ M > * < ' 

, ilia k!,m ' i seseri.h i hei >v^ 

flOSh] For both <l eowsdhht ; cphnb She base < i m may conoo! access to the 

( H ( ii * ! ' !> 

v% h \ s<. u ;s * i i ' t. rsojN via 

control channel to indicate the particular operating mode to coo. Moreover, Ik system 
wn 5 , -iw.vhi!^ data aU, 

oofeunak} to transmit boon traoanh power, and. so on) m m adaptive ■naoner based on 



2, 1 ^ u , 'i v j , » Ha 

bhkb FIG. 2A is a block diagram of a base a or 104 and two , - i < 106 
> I i x < ? ! < i < n , 

N \ i\ < i « » ' s> N i i > Fes 

v < s ! ! < i * J i * \V i 

< „ < v' \i > • * -a 1 s * iu i -si f ) ' v j o ' 0 d oo a 
t \ \ > < < >.< , I s a j i I«h > » 

so ! > o t i > fat ! < \ 

Ok vSh^lr-j s i t it\K!i' v o' r>e a ow y.os i < tU ^ 

pmvKkis hroe i v for the coded bits, permits <bc to be * t ^ based on an 
average SNR for the tya:os-r>iSsson chaooeb, con-hats holing, reo-oves i. <v< o 
Svt^Ot, lOCi < i x i v<kb i odn > s 1 >'< f <P 

0 v ^O ! h i! K iH \3 --uK 0% (■><<•> t k 

< v it .r ^opect the ond>i\f c- <; s ' > 

pcrfcrsned fe&sed oo cootso! Signals provided by a controller 23b. 
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|165S] A fX MtMO | s %> ? demultiplexes xh »odu 

n r <• ! | o ! > > i ^ ; \ t ^ s ! n 

o i i e f |> i > ' c * s s ! 

: c - boi TX MIMO processor 2.20 mas r nbe? r ndnion die modulation symbols 

< each s nvfi!'- ot \h o ol 0" H CS1 ^ a channel m v .\' n\ I?) is 
t! ! VS N > and as CM processing s described in In ee<an 

11059] II d s " •■ ' s 

It ii l> i i m i i x - J v i \ii«| lt 

< ! 1 \ > 1 v ! 1 N <. N 

U> \ i ! ^ d < i 1 v vMl 

IS i ,<> t < i \t p s . 1 ill 

<. < iiU - 5 ' ! !\ *! - - ' <. O \ \> 

by <. espv. rnodidator (MOD) 222 and transnmted % sa associated i i » ^ 224... 
[t(&l»j s ,sJi \>a >l i.o v , i hi h v us sou ! dh <X>i o-v or 
multiple antennas .252 receive the transrobted signals, and each receive mitr&w provides 
a received signal to a respective 4 m-o » , i (DBMOD) 254. Each demodulator (or 
front-end arret 254 pe.rfb.rros processing complementary to dial performed ai roodolaKir 
222 , e ^ id I ii a> ^ s 

(RX) i ! ^ i - s > *» no 

transmitted tor die renmnat. RX MtXtOXata processor 260 perionos proaessrag 
^Oj \ to I ( performed by TX data processor 210 and TX MtMO processor 

220 and provides decoded data to a dara. sink 202. The processing by ternmed 106 is 
described in further detail below. 

{Um - e i X MiMOfthto process fu no 

i K S ! i , ! p P > , \.> 

- \ v ) v t < a di , ! 1 > f * ' t e 

\ < e "X Roe^ves and mas rurthei tramton i fh d< *nh>J 1 Si i 0 - ss) rou< 
e s ' ^ , \ >\w > a i > i < h n j t\ Ui 

> x >i t x s <. w V J! «. i ik ^ i , > i 

m I v e dowrbiob CSI (eeectly « i X MXM( > x 

s > 1 Ofs ^ \' >ui M ^ -*nC vO\l 'V no o ■> i ^ \ 

i hvAv-uiK^V - I niXx't tM^iiwi 1 IP. 1'V 1 ; 
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« be r&f i I ik rninaJ u in ous m„ s > \ < < 
below, 

|t0©2) A.I b^&e t m 104 h » a! $* iw*iv«d hy ftnumtts 

! i > < <. u\i > ao?N 222 o v ! > \ fa hafo das s- v 
240 * b ' o >s * > < >' »n \\ > v e to v that 

|\i ii t n IX v " i ^ i . t , \ \K to-.cs ^ ' <n i and 

recovers the reported CSL which is the?) > a ! > to coatroder 230 < a scheduler 234, 
< U *\ j i d s Ik < ! < \ , n im . < . I\< 

functions 1 as (?) selecting the best set t < « a for data ^ s i and (2) 

t \ i ! ! f 5? I 1 K > <. i N fo » 

in ' >< v. ! x vi • > 1 I 

! hd t > u at \ s 

terrmsKth to achieve high fnroughput arabor baaed on some other performance crbena or 
neto asdeses di * 

*( < < ! < ! an t .v 

acdn > c < n A to ^ 1« 1 <s o ton be 

i da i ^ > ! i -oh 

interleaves, and raaps the data into modtdahon symbols. If rntdttple transnet antennas 
ate osed for data, transmission, s \ MIMG processor 2a? receives and ihrther processes 
v -! to ! *!>'!i .M •>! > <* s 

a ha s 'i symbols, modulation symbol vectors, or precondnioned modulation: - > >! 
vectors for each antenna used tbr data transmission. Each stream is then received and 
or hsh a d to > so, ctivi t dtoato : to ad ua ana m m a^< -ci <u 1 tana 2 fo 
|166Sj to bass station top , numtx d ; tuna 224 roce:h th \ \ muted 
signals, and each receive antenna provides a received signal to a respective dernedeiatof 
222. i stotokmed datm *\' i> domic i^i h"nc v , coa \ a^ aa\ a d a ;>< to; ok d at 
Odii ' N N a aa\ i x -\ a > ^ > i a - „ V < ! > to ! to 

a \\ \i ^iO < as^ 1 'to m t < < < ! . 

by a i n x h v toi^ i to , a 5 f os 

oa \ io v. ^ v i s < c to 1 « ; ! X \:d a > ; < > 

2d2 sad provides decoded data to a data .a as 242 

a dead For teeth teracrcd 10t> acaa:ca to t;ansaad m m upcommg tfunannssaatt 
tar- h RX MIMO/dattt processor 24i.M ther eattfnatt e hannel condition ft the 
«pi nh ffo a \. uf h ilv'M <■ s provided i on ^?to x 4 Sch tluh 
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S4 CR3 Si C«l\ i > ! ^ <: ! ^ "SU Si k 0 f- ?1 ~> < S i 

(!) * * ^ i •> ^ o* kt >m Is « SA * > \o so k> ki u\l k (2) 

s J sms > a particu! processm > < c roro the se ? v ^ s 

! 6cm mim ^ o \ k< i ' 

! ' ,a:> U hud knukd Fee v <. s mvovd *ehvduter 2M 

f ? < S < ! M! v. M S % i S ' V <. k d it 

> s i and the assigned t lS us i e- > ut for each schedokd tennimd. 

1 Si> 1 O s v. , < ' , ' M ! > V 

foeiude > dale nue u codiog and modubdon scheme to he used, 

jio 'l ' i , ^ v. s s > < , ,)!' v *t 
provides processed data t 1 <\u, of die scheduk to one or more modklMors 222. 

\J» du * x ■> >ii' i * k- uphill vh<u*fk 

to the } o it 5 1 1 i- ! > ni 

using \eint\o sv, , ' ^oiics 

si; k u ii - -s s ■> i i n s 

ikncdhyski - S > , ; « s p . 

p > ; i v is i S MLMO 

x »i l"- 1 » i s ">p and fuv.\o ih sr - 2> »V. < * that 

e ,\ » : kiuvi i i 1=1 Oik >i f s'ii 

o . , ii\ i > by the k - \< " 

\ «V 1 - i ! i h 

k - , v. i 1 i ! i > < i si i * , s i' i 

S s 1 1 I, 1 ' 1^ \ lU 

x k- -ok o ids ,e'v' - i - > < ^ - 

If, TrxmmiUer I. hi it 

11070] A A« si , t < \ i ? t\ io ' 

cnakk K kk" * i > s mi - u < 

k 1 s «k pe'-kn- fke trus i\ poa;khk i >u tra ns ! <s 
t i \ k e.ki k ii } u M bs f i s s ; < s si 

, S i > 1 < i 1 i! i b < if ! s ' ! 1 

^1 I i ^ >i - is S 



$4 

jit* <l\ Pali C$1 deludes HOikO-m; tevc moo-oiam m g , She ampho. be and pluses 
across the enhm a u a nva < v each frequency subchannel) for the propagation 

x\ U v t li i s 0 i , ^ * t ^ > i X \ N N x } 

hi > ! * v M f i t \<L U > v 

J » } ! ! Oi <''»!,,? i 

! 5 , I >t 1 < 1ctCJ»'njii < s < ! 1 ^ ^ > is 

i > ' ? > i > i i s<- ^VS J i 

the pnxemdnioned modulation symbols, ami (3) the receiver tmk performs a 
o if i i processing i spatial matched fiber) of the linear traratnh processing 
based on die channel ehaamteneaban 5a derive the Nc spatial matched fiber coeffktents 
needed for ; transTmsaien ehaaaei - each eigeotuode). FtdsbhSI processing 
( i f i ; ; ( <n m <. t t< ? < ok nmonL 0o> 

scheme, sheeted for each transmsssbo ehaaaei based on the channela elgenvaiae 
(described below) to derive die modulation symbols, 

llOTl] hl\ i X iO i » * U v s v 

ratios (SNRs) of the transmission channels. The SNR Cor a particular tm s< s , 
channel may be derived by detecting a data stream or a pilot transmitted oa transmission 
m > a . \i i i 1 i i n > i' ii i 

S J i < < 5 i ii'i > 

the channels SNR. 

|? 07? ! < b < > > < > ! n in * < idjosl 

- • k n > I * f < i a i , 

•te I i ! i I i * . ' <. b>s 1 < Ois<. 

on>»< k a , u' i mmn k > s s n -i *.o m d t ? ib<> <Om 

j v t s t < i << . ! i m i arid 

antenna assignments, the operating mode, die date arte, and the 1 i i s newer to be 
used. 0 s ( a > ' S u b 

terminals nd ^ <\ f dun empl t mdnb ih mlm^a'.- > 

The . i * ' In i if It sb.be> ! 

'(I !l >i << i * ' m s 

channel on the downlink. 
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I . MiMO Tr»»aanitter IJMtwMI ,PartiaM:Sf, Fmcesslug 

A * t| FIG sA > i hh;G i ,„ o s An ■ !r i v ^ GPAO <■ *. mi u mu 
300a, which s one embodiment of thf raiismii t >n of toss station 104 or 
o ! si 0;o -r> r\ <-„ s \ t - n '<^).V nrm 300« f capable / f.Ms; its 
> N 5 d s ! J s <„ i f * o y „ t (. w St t 

Transmitter m%h 300a includes (1) a TX dam processor 2! 0a fhat receives and processes 
suV: ok Km I - > <\<e.v oG>Gs*i ^ U e ed G * \ \Ahtu pox^es A\m 
thai deriodupGxes the modAadcm even ho Is for the Mr transmit antennas, 

N it > f i C "« ~! r 0 i \ ! ! > N S MO O'i 

280 f FIGS. 2A and 28. In the speedA j boi a rt ho\ > f FIG. As. TX date 
^ > i > ! A i I t s f 0 n 

ii rr ■ anient a P > t i > scodes 0 ioiomtion hits in 

accordance with a s U 4 ceding achense to provide coded bits. The coding scheme 
may -comprise a conventional code, a Turbo code, a block code, a cyclic redundancy 

h v o i k I ock > *. Go A 

ii 1 ) ving scherm u 

» i s < t f i 1 hit into 

< > * aymlvb In osn 

data. 

J0G<] - 1 s - s s ^ < - > > ! ! ( au oIG 

\ x * ^ i ia< i i t ' i n > i < f 

ss A< s > v > j o i if) i is > if i if t \ 

i N ^ v s i s the 

< - > «. o^ 0 5!' , > ^ t f sn G s s 

at the receiver to perform channel estimation, p * and timing estimation, coherent 

o.ae detotooPamn -e\d sons 

! * } vneG! ) I i i s s 5 ft based 

on the avodabG paroal ASh as redacted irs the coding and modGadon am hois, A > j ' 

•> a tAod base ende m g , mam A3 
! o v \ c > K\* »uns <cb < ^ mice as 

* t 4 s \ > x < i n \ - > o A 4 < s . i 1 o 4 ' i 
oee 4 _ h'.:o I > v s < ~ " s \ \ 4 <^ j i, lu h . ick ^ o In 
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X 0 =>s V OmP > v s 0 

! M K ! P > I \1 J M I <■ I < I v t < 

ikWh\ l ot k\ 'ihi mm ftHil ^' 1 > s be 

I i^K ' b 1 O «•> S <. I * 1 ! v - s - ^ 0 0 SIC 

U •> ! i ! ! < 0 C W ! i « 

I < h\ I \ ! ,< v t P \ PS \ V fo \ N O ! v X s x 05 

PlC i ! ! < S ! ! ! > < P >< >i 

symbol. 

bO fo X > X , > M, 

symbol for a ; ,( ! 'eve; of performance fo.g. :: one percent packet k rale (PER}! 

f * i 1 V I ■> I - \i > ! - ! 0 

o fol > vfo s K b ^ \fo ^ foe 

available partial CSb The oha:oae> nPerkevorg may also be adjusted baaed or? foe 
<- I hi > ^ > ! x ! u * * > 

m. 

|Hfofo Table 2 lists various combinations of coding rate and raodu Union scheme 
thai t x » i each 

> I nnei « - hi k hit <. fom am one oi i nam | I 

combinations of coding om and .modulation scheme. For example, one mformatioa bit 

ifou > n ) ! - ling < ! QFSK 

moPoPo v ^ < \ p - -* n \ j ) < Mis , x m M m>t 

IdbpAM, or some other ,^ . , of coding obe o modulation scheme. In fable 

W i > \ « v » «. ill 1 « n linn 

conem es a a c x 5 > A s I so i 

wtthin the scope of the invention. 



Tabic 2 



PNR 


P of PPbnmmon 
Basfoyofooi 


Modulation 
Symbol 


# of Coded 
BiPrPynilxd 


Coding Rise 






QFSK 


2 




■ ■ 




. .. ZElZ 






6.4 - h fo 






f 4 ... 




;>,i; ... [0.4 




■ ■ 


4 




10.4--O.3 






4 


3/4 
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64-QAM 
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5 6 



1 1 > s 4 h < ' ? x ! < I ! > > <. pro 5 

4 M* \ I \ it \ S !! s I N \ 

in bo~ ;a :h w >«u l\ mlmo ^ , ^ . .»»»» , 324 

<> t \>X ,\> l» v <*0 v » Ml> VO^n - .5 «M \1 \' j »J<i l<> 

symbol streams, one stream > * 5 amerma used to transmit she ' h I s h^a 
Each ,« «'i i u x i > 'x •• N Each 

modulator- 222 converts the * < id symbols u i fine or more analog signals, and 

l!\ > . K X U" , i - > > 1 , ' fK» m 

o o ill ' dt 

wireless link. 

M>82 < s 1 I <> ! 

» N< N x thx x viiiions scl « ? I 

i i i N ( - c and 

transmuted o» > subset (i.e., \ i of the avsilable Km > > no <\ The i > * * 

\ ^ ' i X s , } , i < 

schsote, toe f > xx degrees of freedom provided by the i, \ - \ ,* additional 
*m rU ed. :o n s > x ' m ■ , < t , , t1 t „ > N 

O < Oi o i i 5 ! < < 'i > )H 

i > s > i - m ) m ■* i > i I ! u xx v < i 

\e>dn, me f s-- v s> mo m ebrJ Hu ap^M delete; n paih 

effects. 

t|I t j 

>V * u\A i o* i enh\1' < < s> - \^ 

which is capable of poxxeomm data based on selective ebaacel inversion. 'To .simplify 
?he data processing hi boxh ih< u-imsmnt&r and reed vex units, 3 commois coding and 
Uvn m d!i ift v K O! laiO^K seL^fv u\ dam 



IS 

transmission. > » case., the **> - \- unu would encode data ming a si«gk. (eg,, 

lli lit ! > V ! ! ! 5 >. <. 

a - rtgk > v g PSK or ijfiM) x oe auea .Jv- e To 

u'i ^. > ;T; traroara; power \, for v 

* its i v > * 1 i U SV* 

ruuu> « v i I , ! 1 ! n 

all selected channels. 

U*S4| : - , o - n s , , ^ .a*. l0 * - . % s . eec ^ , 

die .o< <^<nv««»v o n«. n*p tf * I, <• k u i\ I s\ * 4 .AS }< 
'>K<n> i v <a ^ e> ^ > . 



where Is ' ! received power lor transmission channel (..na) < die y-tb 

- > , N< i i . I s I ^ < 

. J 'a a; ;a transmitter nv. ami Hi iJ. ) is ihe complex hanae-i gam i / ~ I If 
VIV.O * mi employed and A: ,, I If OFDM is roi employed). 
\ I m$\ A normal anon factor, # us«d 
ranstni one! i> 



£q<2) 



, > a . e-NK s - , select transgressor* charsV , V. 1 > < * 

u . m « J r^iwluatwrt ihraa .5 s c^-wuct Wscd on and as * -ift.de 

1 5 MM To ; ^ fee s surala roc owed SNHs fo; . 11 atteu d tMiMntssron ehurattte, die 
, s * * si ^, > ) ra< o v^c ^ < < h 

' ' > f i \ 1 ' * ! 1 V , 
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|t*?r? D weighed . t»* m « * » < i« m » ^«be 

expressed as: 

P*U>k) -Km*) ' : Hq (4) 

! o , otherwise 

! ! ! ! t >. ' > i v < v v x \ % 

i than o> 1 SNR th s fo s ecU s 

toss ^ > > \ * in 

\| Ki N * 1 r~ fo d \? ' s t , \^ V < 

N > * kn> * f filed Jane ~ 200!, and U'.S fo n n> u< n Senal No. 09/892370, 

} i , ! * m < i fos\ < t < , i v 

l« version. " assigned io tli© assignee of She present application, sod incorporated herein 
by reieret-ce. 

I \ }\ * ov> m FIG 3K mu < « 

2\m coupled io a IX MIMO processor 220b, TX 4m processor 210b mdhtdes 

* llv ^ d v ] < ^ s ! 

^ > ! i < ! > S 

element 31 & thai weighs the n sod u Sat ion symbols for each selected transmission eharoie! 
tv v i n> < b s 

s , v -< 1 < < » . i * i <m <. 

SNR assi the SNR ! n I i ' The 

* R i s 1 v. * < 1 s < v I u o I H h OilO) 

Application Serial Nos. 09/$60,>74, dam- , ,m ^ a .nd ewmy o 

3. UJV haavafiu. S ^ m - li'Mv 

v> cb a| hie or proce •> i d on foil ' SI rep ed by il ms «i 

i < \ d s. m> > -,moev to i T\ 

! \a * proc s > c fu<k ocodoraH m I l v si J * 
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« > cl v. 1 V N « o r " < 

Oarre MIVo n j t ^ ^ > ' 

S i ! i i > \ > S <* Nf^KK^ 

<riiti.i ■ "! k u v ! t> ! oo-c the i i u » o^os <<> < * \: 

r v 'hM'! 2 iu«) i , Mi. n hh > ,e 

* ! ; - f ! ! 1 ps^onis*. wed modiikhfan s i <• il »^ 









%v 






M 


1 <•';.;:- 








h 

M 












o K 



Eqt5) 



) x Me, where each, at the He ^ * symbols may he generate! 

j ( »| a s i N > i i ill 

eg stfe elements of a» eigenvector matrix I related to the transmission 

<Jnt •* ! n n km 'he transmit -antennas to She receive antennas; md 
> s i ; nditio lal 

J ,< ! ! ' " ' > , ! ! < ! 

transmitter mrh (e.g., by the secerner mm). 

t i t >o to i 

i x } < , ! >! ! |i i » vhilOO^ 

^ >^f \ 5 1 < ! 1 , ! < i Of S 

nnxkhation synhx ed on I n > i i' 1 

ino ■* > i x j > t \ ; * > i s \'t k n i. 

v o o< i v V ! ! ! < • 1 i < < J • ik>' 

with a dnseuut s^oa- o I \ a, t i j V \ '<-<- n \ 

>< ' n t ,teJ V, f.ha n > ; < < S 1 * 

..V n ^ 32^ and provided to \ modulators 222, 

! I i» 11 s ^* nst x--oe- 'oHuooif.u oath.h>e CM 1 

oi .hi r V- vK* v. -he tjansnm am i > U On 1 pro^-v; 

o c* his- un i <. "tr exampe toe f 1 

processing ma> be MwbSed fbi a pankula? datu trar.smi;S^c>n and di^&bled tV>? 
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? f for extarsple. when the eormnerucatron link has adequate SHE, 



1 1094| ! * 1 1 i s j > } h n i 

5 h ! , i • 4? f < ' < 4 \ \ I i So onp of 

a \m i j chaouess based on a particular coding and modulation scheme selected for 

'.^ >> 1 »!)!. i'A ( pO! i f 4 , I ^ ! 

< ! ! f o •> > I v p >;::har;n&is 

the n -at < m In another m < > each group eorreapoods to i r ■, < 
i h i o s v k h > o o i ) 

> < f ! i > ' f > > ofo arid 

e ! i ! i d *i i > > H 4 i 

4> 5 4 A 4 f \ 

v|U > } 1 V i \ s ! , nn{i * 4 v hy n J i 

processors 3 Ida ihnmgh 3 Kg one data processor 310 tor each group of iraoinneonon 
' . g' N '- • • : :ufo : ! gd in >'<>. i ob 4 ml 1H> 

SIX each data processor 3 id mehidas encoder •> channel mtedeaver 314, and symbol 
n <pp iS i ; in e; % P ih.^h <-4 j s,. - iho\i: 

|109h] 3 5 * 4 l \ T?b( trOi i 1 

dsta ss < v. 4 44 > ^ m i MI^O 

processor 220d. If each group- ■nehides the s-edcted deguency subchannels for a 
jam -4 ? > i ibm modulation uymb » 

1 4 O ' i <,!><> < , U i < < 

\ <. 1 > v fhc processing fo 

modulator 222 to generate a modulated signal ;s described below. In some other 
embodiments* FX M!M< * i . 1 o *- 

4 3 ops x i >du 4 i * 

their proper o ^ 222. 
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5 . fttiMO Transmitter Unit wKh OFDM 

n\*\ PJ 1 i hkvk J a f o i m o o oi < t ** f 3* 

% eh itiliZ - OFDM and is capable ot m<k.pend<mib process Bg data fo* each 
sen I'iH'iKt \ r.K dam processor 210c, the strea ) > i s 

tor each frequency > !)t \ toed for data > su^n < provided to a respective 

•< j o e s I t i ! 1 ! h - m I - i b e . pu s N - - s s 1 c\; fes 

respective frequency subchannel of the OFDM system, and may be mrpksocnied similar 
to - > ! it t v < , 1 i ■■ s i 1 " , on 1 I v one 

, \ x <!< ' , ?. n^quency Mihcharnu dau »heam 

n >< na i j > n i < > » 

selected tor use for the V < i , subebatmeh Each, data substream is then encoded, 
sru j ■> 5 i * ! iii 

ih ! ' 1 s f ! > f km 

n I Sj , > 1 < < * i ! s i i > < _ P Each 

i ! « > ? i < * > n t \ ^U) 

> I ! * n ! ! > < n "> 

[10§S| Foi a MiMO ^sk-m mfc-or OH>M, 'he meduUmo %\mh>K dj^v be 
transmitted m uedbpic frequency sisbehauoels end from to transmit > a m 
M ! ui^'b.i e 1 > \ ' < v , > t I 

data processor 330 are provided to 3 respective spatial processor 332, which processes 
! received modulation symbols based en the channel control and/or the available ' V 
bach spatixi processor < may simply implement a demultiplexer (such as that shown 

iii t p, M p - > 1 Hi 1 isi ' <: M ! s 

s. j t v r > sC hd t M 

y o- s ^ < \ ' , > ; i in ' ' ^1 mg 

(i.e., preconditioning) may be performed for each frequency subchannel. 
[l(i9 K H n \ < < ^ j •Amrok- 

o <p 0 b <. < n i < 's 1 

for uv mi \ m n bantu o b < smn set t < < >< u 

t iubaUo ' > \ t s f! P 5 u 1 tsot 

hat miosrost itntenmq t ds P p ; < n 

,s.ymho! vector V <n t mo\)1 \ t ns s n ^ ; ssmhot vector to a tespeetnee -»e< ^ f 
222 
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iim\ FX M1MO } csso ; a x n > process* fk j odol ticm 

symbols to provide ap to N- ; oaodaishon symbol vectors, V s through one 
mn rvg I w t< ' * > ! nn i) - o h data 

s mv i «■ v >i o ! s \ \ < ! , to x v ! lo. <) ^ ! 

ekonear of the nmdra'ation symbol vector V h associated e ith a specific heommev 
s ! > ! having a uaipae t s ' u which the modulation symbol as conveyed, 
IJlOlt FIG. 3E also shows a« embodiment of modulator 222 for Of DM.. The 
mooaiation symbol, vectors V s through V Hx from IX channel processor 220c are 

il 3 3 h i 1 v Ci ^ 

i< > \ S < P < x ^ < > O 1 " , ! 

cyclic prefh era* 42 ' i p > > 44 

(Hl^i i $ ! i> V s 

Inn v i i i ti t ■ * -e > < oca t » iFFT 

+ < < a f v ' ! " ) ^ ' 

8 In O x s > > > ' t i < o » 

arm n i < , a - ! , f i \ s ^ s 

o a ' > pvv, a * msa i s , s \, o < 

s s s cyclic i rebx ins res nissh hoi retain its 

Orthogonal properties in the presence of muitip&tb delay spread, thereby Improving 

pet!cn,]i\ a > , \ f \ < i m ■) 1 t" and 

cede prchx to; ;<4o :s n aad m'< nucio 

tlP ^ ) f ! > i I i " * 1 

fhe transmission syimsoh tor each antenna) ace then processed {e.g., converted into an 
anrhog mgnah modulated, amplified.,, and hhemdt fey apconverrer 244 to generate a 
modulated signal, which is then * <; \ < u from a respective urn 224. 
1 1**1* % l MP o t ' ii.ooft ^ ara U< i 

, i - > x > ' 4 t* i ' p., j , i-p- { i; rm&! , 

< 0 a 5 s 1 , m < » t e. s i i , ' Mi M k'i 

n\ * 1 1 ! 1 * > > > i V I V K < 

^ ^ O \ < vk < I 'MP ^ 5 5 = N I i < < ' OJ 

> t ga utca Wr ! lias Con lohn A.« h 

mndt tio Ma 1 i e ;" N 4 * h ia imospc ?ted het b> efeft < 
s j ^1 PaV U " i- a x n m ,i\x 3 v ^ < ' N ^ > > 

advantageously he used with I or partial CS1 to provide improved performance (e.g., 
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hi t i ! . j ( n\ S n > v ! m ! si < -h>U >o -vh nto >■ kv, x 51 it 
j < t 5 , i > \s p. o ,e t \ < e> 's N \ *' vi 

entitled "Method and Apparatus for ; rc dnirmei State Information in a. Wireless 

» > f v. ( "> ' x ' N ' 1 O ^ 1 \ O 0 ^ < ^ 

and \ x >p j a i S< No * a * t , 0 M J \» >a « < o; 

I , i h-'h'^i^UUun x ' v. \ , 1 \b > 

U > > ! <( i l t I ! 0 \ > 

, s i * { ^ h > ! * * i V v> t ^ l„ 

200! . M > > < i si i ' ! < i o , u 

Kip i i I sn by reference. Stbf o *" coding sod Pnii 1 u« 1 ri bu also 
be used, arid this is within ihe scope of fee invention,. 

b, Ojy ati -JieipplO 

0 j > Various operating, schemes may be used fo? a MIMO sod/or an OFDM 
system that employs adaptive transmitter processing techniques described herein bossed 
mx the available CSL Sense of those operating schemes are described below. 

011071 in -> i mo- n dense k> each 

> I o \ > ; 1 it-v as 

m k k „ ' s > 1 c > > > 1 I 

unproved performance, especially when used * eombmatioa who the successive 
j d * ? large 

dn -> i j e ! s 11 < > ! u 

< < 5 i > vi u i i - i t n to o - ox 

^ i i i di!t\ <i i 

w ,\v i t Ih ' < f < i » • r * u\ 

c so i to i d to he ce ect\ r. *- ~eo v er unit 

1 \ , ! ! > * ( >P X f ' * < ' t 

aiguai, a difterent coding asid/os o?odolatioe schsrue say be used for each 'ft 
sxguai. For s \ < ; a spscibe coding and modulation seheoie nsay be selected o each 

vnted \kg * ncscd or O SNR ?o tlvat th rro itc? « 1 i,k< vat 
n t < t - n i ^ are approximately equal. I <hi$ way, tbroughpiO for the transmitted 
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tdgrsajs are- <ikm<a\ bv the their ou> Mhv and not by the $NR oi'hhe w> rv 

i < i > . I 0 s t is 

|1109] 1 vwnta ope ling s ? r i }iu« is t ided with CS 
each ?\ ; ! } ! j t ! ^ > 

i 5 j o u < S i M < u > v } i k o ^ ^ ! 

some uiforraation oahe d - ' winch 'i.,<v ' , 5 ,<-v s to be used for data n nonns.ssv» 
h thss scheme,, the transmitter may employ the same coding «. modtiiahon scheme on 
ail transmit antennas used for data transmission, 'which may he a subset of the N? 
available transmit antennas. 

,n u\ t x i i i \ s it' <■ ot 

I i >ii S i * is > < i ! i \ ) ! iS 

ths highest dcoodtrd erros rate Ms may *. himaidj hm t the pc fcro a i <. of the MIMO 

(i -a men i n i ! s ! rate 

a ci \ , ) i co signal met ami rate 

siren 5 ey; addirb ? d to 

t > < i s i H\ 

& p f >A 1 * ! ii t ' 

the i r 1 - ei of t N R - \ f ~ t t and 

reliability is increased. 

I'll 11] h i * ! ' i ^ t 

u . ,!! vs> > m ! > i 5 h < > > ti n\< * Us lor 

M » ! i < ^t < j 

the n t s 1 s > a' I « m >s 

S i s , v. s X i } i M i i i 1 i 

t ! i it 1 its' \ t * 1 1 J « 1"k n 

\ppheatiort Serial "No 9 I "Wit * n n . s >n S> a H 

, s i u i rt AtJiik 1 * <■ i ms Mi > b 

am! Receiver " < incoipovated herein by reference. 

{Hill The < rfitiiii- , > a base ? on ma\ U a phyacahy d^tmct 

of "ap tit res" t teh oi which > t; bo tsod to d ec ransrt it a sspe-d ve Mi - rean 
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bach aperture may be iramed by a eollecbea of one or more antenna etetnems tl'ta; are 
, space i v physicaby ioca?eb at a single sits or < ,o mad over !>nb p , 
sites), >b I, a < < ! < ! t ^\\al>e h\ ore > ; ^ <u 

a \m f ii 6 < h t of aperrai a tl ea t >ove desenpeam for ! 

! 5 a - » s < * ! > a 4 ' a j * 4 > - 

|H < ^ , Hi <, ! <! i > i \ a > cku au «, an 

c { i i s f * > s ^ > s. ! ^ a ^ < k s 

( l > > I 4 ^ \ ! ! v* - ,ns 

r-Ts n'.M a ? -a 3'i- a-.'-eJ SNbso* a wmeab*. xhau<ed a>r pitYcejil <; t-, of 
tsssisibrmed anaaena beams, w lass is reflected in bee repaired SNR vecbes. ! > bare 
•asooo may then pertonm sehednbr;g s aneenna 1 a M < s tor eacb of the possibfc 
> < r\ < t i i th j < * 1 e bar beun 

.forming * n ^ as wdl as a set of tenrenaia n 4 thus rt n < < > s foa! achieve 

4 a beet use of aha available resources, 

P1I4| Hie use of b ma form ig oiatnccs ffords d< bona t ! eb fo in 

I ; > ' 4 n oinb b 

fobcm i > ' K ^ > 5 > ' 1 i 

* tMu,i« MrMOvu.^l s*» . 4 f < b» ivrfioui v a\u 
* 1 <ib! n > * b i nh 
a K > > ! a si'b\ a - ; a t s ; < i <•> * o 

n< ,rM i < 4 ! >^ i a> 

^ \ t e \ i <. afo a> fsc o< is \ 1 i t v \ ais > s riUioaas land rjseo cKupbileTs's 

K ,( > > s 1 i < ^a <> t ■> 

>v ! as 

* - 4 ^ s , , * > ? s i h f oeator^ In 

1\ > ^ -> i i f * 1 f ) < <<m > a , a 

n i > i t i ^ ; , 4 < ' a hm I s 4 

in r ,v^> - 4 

jllbi da aspeet ' J< n>» «» rrosaes u-ebaapiC 4 ; to process the rsceived 
\a.a !< k > eau bsV lad to e&M- ■> the 
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t. u,l «. >* >h U's i v. n < 

s < ! d v i t p cd " ! t 5 s \W< I OiXl US * s> iSt ? 

signal processing i'e g., e ov cd ho c and so om. Ik this *x on - high 

f ! > >,< g ! i. i , " Ci ht o S 

<t»i*o <. m Ui u' c e < 1 1 ' 

j e <o'ni i N \ * ^ * d "v^;>f; pojCessiog kxhnsquo^ > , be 
used >> ? t > n s a i. * - wo > s * pro 4, 

k i ! 0 ! ! N 

oi! < x > > < m •> s - > - k ,~ <. to as 

cquahxevv - w { v ^ to 

s s i v t a 1 » > u <. ^ «tu. 

»t!t iechixrgie t singxx "successive cancellation" 1 receiver processing 
technique). 

nir 1 < i ' ?i{ 

to separate our ! Oansonued signals a; > receiver on and each separated 
na;xnmted signal may further fee processed to recover the data tit' n she signal. 
The iceessivt a me hat not e< or precept* chniepK tie opt to i eovr-i the 
> * t n> a a m- e aed I t «. t * clOvt m 

■c ? s t h t v o > v. a hue i \ 

StO t i s > ' si ( , \!„ n t 

greater throughput) spaoal/spaecOiroe receiver processing techniques. 
P II SI The use of die successive carscelhuiou receiver processing technkiue may be 
limited to certain situations. In particular, interference cancellation \ effective only if 

i X i! ^ ! < I ' ' ill t I s 

error hoe deteeooe (i.e., dsoiodtdatme and decodmg; of dm recovered signal 

fi I iy| On the down.Ur.tig. if the siagie-usef M1MO mode is used a.»d the , -< , > is 

' <t M - - < ' s h ' t < < . V- 

\5 it t H s. j i h- s f < is Y"M ! i\ IK ! ^ X » 

s t i. v i sp n sp v 5 i < i i < j < 

to v. v^st , ,,tl t <» Hj's n Oc> < dv MI^T > i n <. >• Oi i . , < v ' < i 1 >c « 

v t s satt <6 nai that > } \n ehe? s.m ; -n ! m 

t xx i t <r in v law vi os t t tX t ise t t 1 <* 



p* n *s*m 



28 

■mixi x>st-proces ;d SNR) i h a un b bis to catx flu ? 

i S*!! 1 1 

!tv i * !v >< »i* v, sd V ! to hi »| >U>U^ OSO 

spatial >> k * x> « n s > > v > ! v < 1 1 < 

l s !k f f! ! 5 \ \ * ! , t, , s s ^ S < < 

s t <. m <. 5 s 3 ) i ; 1 is > k i ' o more 

(is < J \ < < > si 5 l is> > i 

t T5is ! li! I ^ < i 5 O I , 

$s I h t ^ <s i s s i i P 

! t i <> X Si s ! > s s \ v s< ! <-'vs 

nvA ! n I i v Mf N !< > 

O S \ i < * ^X 1 i < s s.1 H P S. sSlil POS* 

processed SNR for each transmitted sigoal. and diss information may be used for 
3cix\b>l and coding and modulation. ! die muds-user MIMO mode, die base s s. . i 

s \>iss > s s > S s v 1U f, li K\ < - tkiSC 

Po ss \ ! i - - 1 ,< < - v - i \ is 1 , b e J t , 0 i ! s - K i j st 

termimds for data > m > > <j as weal as the coding and i u<s s xcbeme s be s 
for e.seh n.msrxn am e:o s 

ji!2.2 \ v v ss ng on the 

N ! N < > - - 1 v i ss bet ivss 

i - d i ^ i» n -P - in x 

>^ v i is ss »v i i O '* ^ i s s 

dispersive MiMO chaaneJ experiences frequeeey-oclecdve fading ; dinbresar. 
s^s . s< ran; s < v i 

irs >s * \>s s , „ h } s < it , s. s j, 

s s s si s ss si < > s \\ s ! i? i > sneers 

ssiis s o 'MM5sb> technique J > > s < m' s s s s> s * , 

fortber' detail bekoc, may be issed ;.o process d;e received signals oner * demodulation 
o N 1 1 s i |? e ! i * >j 

n scope of ids Vs s < These spatia) proee&siog \ , n may he <. s< \ at iee 
s u s e ! e i >i m ss? s s s e o <s i < i s * i sd 
s e i o s i.s s s in )s. > s s x . .e i 's* r s i s f is i < other 

1 be b s c s^\ o b -> 
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upon ttw cMrc:3tion m has in m c a* ; i I) n w v « ch&rus«I 

Mi l, > {T> > V l O Ufc, 

Mm > , s ^ ' <J b v N " K ) i 

ynxhol n erf ren o s -d > i p; u mo „ > , 

recovex a pardcidar transmitted 4m stream would need to ameliorate both the 

f h \ X !i i< ! i > I 

VfCiTO t '! i vk M i s ^ b 

<. msa:e bse ap 1 p e san { v h h I ^ed b oc not 

etteetmeiy deal with mter-symhol u < <. may be replaced with space- time 
processing, 

H^l « v i n V\ ,i, \ni h s > jv. 1 for 

sae : mo m< p>\* -«> < ( i ,> Ji -< e !• 1 ^',i mm [ M oemsmte do 

<>»%* . t \ P? ! V>U - v iU i ' 1 % pati< p?>i »\}{' U\ ilk 

i!S| f * *i i I i ! ^ i 

teao > o as described m » h $ in 1 below. The MMSE4.E s do < is most 
effective for use m space-time processing when dm chammi ssbmaf.es i < a tbe chammi 
ceefd ciem mam x U} are scemwm. 

UM t i f v. m < > ! 1 

v= v V l. < s < > 1 5 i i ,l ci CCi 

1 i m < \ ( v< \ be 

C. > -> ! } \ ! ! ' il! 1 i > v 

! s v. N s ' X v. w l n ^ I 

ebecdveiy canceled. 

IU27] m v annher ^ . i lt t f ><. m ^ >n ?m 

fo N ! ^ v ^l ^ •, S> 

OS| . d >i V ~d d.ik] » , k - ' > d h, j the 

b< s o > . ?n perforasaoee whea dm channel estimates, are not as accurate . Tbe 1>FB 
vl \\M \f nsn s v ^ d f > ^ \rw f m n , 

> ! > i Spac jjnt Processors DiSperad s < i 
\> <J^^ 1 fo\pemi i \;>ec i !< ^ i o) e~ w him \ d " No " 
99, a-ob aeeorporateb hcrem b ferene« 
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U *>\ hi IA js J block d 3 art r J m t h , p\ MP 

processor .'.'60a, vvhtch ts one embodiment of ihs mce;ve;' portion of base station 104 or 
s m „ HV m F d S 2 \ <ud 2D. The f ' !>m 1 m .)« bo m m N; a 

? » 1 > \ ooma i Js >V arrt *o * " 

* i * k ! s < a k i k> s s -> o v. •>< > Each 

t U s ! J | i } \ uJ ii 

b fo "IS'lol -> UJ tv-^tJ' H ^iK x iM 0 £J«ii 

ii 0 , < < \ 0 > > < m t , V , } ' s n 

* rii f 1 t ua son i i q rale a stream o 

» \ i » ^ > ^ < b > * <. , v s ■> + 

|I130| If a) iM v* . ; « : > ' kit Oar mi e<iea vkmvbiUtra 254 
further performs processing eompkmentary to that performed by modulator 222 shown 

IP) <i | 1 M * i ! 

jid pjo^stk-s a stre-aut o; 

n 1 ii i ! > - * x s < > >ho at N F 

i««m« > < t 1 r c;k * < moduiat 

r,, 1 "- u^o- s:ti f ! > s v s \ j ^ so thers 

provufed to a tlerooltgbexer/conbhner x shown in FIG- ■• A }. which > kkmnebsak' 
the modulation symbol vector stream horn each FFf processor into a can a of (op to 

V hi t o < > r , s i o vdn i i 
frequency aobchrmriel is independently processed, the t > > n provides 
each of dte (ap to) by noadtibmon symbol atreanss to a respective spaoai/spaee-tm-ie 

itnij \ ( ^ t f >i < rK u u no. 

41b may bo used to perform the MiMO processing for the omdtdation symbols from the 

V u ! x f > * » ! 5 s ^ * ' >' 5 ! « 

* 5 j „ sodtilation 

O s Otil ill ^ \ K 

for data f.s \ u % one spatiai/spaco-trtno processor 4 HI may be ased 
> perform , MMQ pro< om * > Tcbod- Set \. ? » < 

\ ^ ■> » < > » ! - anner. 
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PI32f fe i H I c 1 s itu s v \ ! \ u-i\vN'i> jp ! 

U li ill! « !' > ^1 

8 * Eq(6) 

1 Si u ! l \ x > > \IL- 

^ i i ~ i \ t i H M ^ \ i !\ j n 

* ' f l *" 1 t J l 3 < \ s 

a < e 1 it edl x 15 I \ to m \ vectoi 

ieput mm fee MIMO cM ne and g is ^ N ( \ t vector representing, noise plus 

' < < t > i n ' i ' »UOm<H 

•s ^ <<„s) i m% \ > v j nu> i <. h H < i I *•> >i v fee 
n < > < v i < ' f n ^ 

yj Sfi p ni)v 

< < *) x < > ! ! i for v j 

Ji swx matched filter operation on the received symbol vector r . The ottered eu p 
x ;\e im sxpic^eu e.5 

Wi U ' Us > H ' n . £q (?) 

where fee supemripl * <to> : , ! s < transpose end complex eonwgeta, A square matrix 

B f ^ ! 

! j spo\^ h < c , K - Is H ; 

j'1 1341 s i m , s ' 1 < i r oUs) , s > ; 

! ex m ! I sn f 

v , n\k >i m . ka cot iKi 1 f i rovn 

! . C|U v. ' ! i l 'is,) 

■> 1 5 Jci f e i ) i X 1 i •> , , ) i 

Oanve -s < o- -km * j , << <• m i s •> t s 

e i i papu j u fek m fee ert Ok ufe change estimation toe • I is 

> i l pape s m.e m ^i Recept > erfo nee Bo 

0 ml M Analysis of References-Assisted Coherent CDMA * <m< ms <t < < s with 
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*ppl to.c 0 LI ufi*aci <«' On 0 r „k >{. t , '*•«' Tl <■ >r v oihes 
£ >e0h ni ml Is U 

11135] Ar. ^ttira; o! he name MKhu'. % - e he urned b\ p < 
\<. ; :.\ rnatrsx R , which can be expressed as; 

Prore i above is < N n can ee observee Jhat the transee tico \ >P veetot x may 
be recovered by * h filtering < p p f with the matrix H'"') the received 

? i ! ! , ' rehb ! < i m - > j* a e 

f i mt The SNR of Jfce iransniMao .channels may be detennmed. a 
aiitocorrelatioo .matrix ^ of the noise vector n. is first computed fro 

as i 1 5 < 5 t 1 ! >i v 

hi ! | t i } < K; I « i 

..knkrjih ,Uinhuiut.Hd> the <xno. e-ehu on ina;«x ^ the nosse wa^ o cm he 



Hp (9) 



where 1 is the identity matrix (i.e.- c 

x - > < > > , , n . i i K <*u ii ,i < > ! 

t j w c v ^ c i n f ft 1 hed hh f x , t ! j f 
*>JU> 'w xarN K >^ u 



from equation (10) f ih« noise variance , of the h *-k-s ouf of the post-processed 
noise »« is equal to *r > . o, } |, q i>; ^ iU ' > \ « R * > e Mi MO 

i ! S i> ! M t ? ^ ^ •> ^ 5 v 

iV< OI ^kt 1 O !>M ^ tUvl tlkn v i ^ p ' i ^ * du *J „to 

- >! mSi r " Cf ! i i ? 

t or ?h U Ml t.\ hn<que, ifco SVl of I * - h .nof o i?V k^o<J t k 
> Mo: o <\ vt^f 0 v v c > ti Jace t ,»i p < m k c-\m«^oi < ^ 



4 



£q. 

Iffhe^ina^vOithc/th^nHUds* uM * N n .que to o»w U m ^ i\t.v 
then the SNR of the receive symbol vector mas he expressed a* 

1 ,< r t v, i> i * t\ i.t , ^ I , ill k q k m « <<< > J kx 

symbol vector b> ! x /r 

* ^ > - i * 5 i ;<1 5 m f <> V < 

*♦ < < o ! U .no; 'iMti. form 

c»"i > i t - n ' i s * n >n i ? <^< < s > , k i j 

li svri.i < i X M 5 

u II *<«> 

^ ! f t ■> i the t ^ v ' ;:s:v he operated to transmit one or more data streams 

SUM Oes" (MUWS H^KU. i-JlJO !' 00.>K> *«v 
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ni r all transmh artUiriisas > ihi t s p one SNR b ; vera 
be rubied ' si! * t s i ch&nods: us whuh 1 <. s x cosing i.nd mod!>U. t .M 

U i ) w 50 s ^ Ov V ! ! ! " 

ilS 1 \ { lit. i > ^ ; ! * i ^ x \ of J,. 

» a p< o l ^ s >. te^e s \ ^ ' v j 

f n » » ^ hi, < x n f \Rs s- xi i s > v \ 

, i i X Ik 1 t -s* 1 ,. 

v ^ ' x - - Eqim 
i{\">\ i \ i mi ! ^> s r v 

P 1 l [ i it x l M , A 

spah P/ space P me processor 4] fib, Pc stream of received niodihahcm symbol vectors r 
b . i \ i x * x no uK i i N \h>. i 

1 < > each vector r wish i coppcsieOraapyose cbaxmp to* mornx 
H f: s as sbown above in equation (?}. The tutored vectors arc farther pre-mPhpbed by 

i i .ib i i i ib P 

transmitted modoumen symbol vector $ „ as &hm\<n above 'in equation (8). 

i ' bi \ v Ld fKl s M i 

1 1 i nil ^ , , \ H i . i > sn iP 

o , \ - mii p 1 In h \ a t, ' i 

'i ' > > i It * P i s U i 

^ Ms ! Ml. 0< * s 5 v ' i > M it i < ?i V 

> ^ B ~" VI l x > J ' \ > f . M • b 

R it I H 

'bi ! < v. » i s ! h <i v it 'i boi 

f sep>>\kh 5 bpjXAO i vb cb o\ie~m < 1 ! > h« 

tT.insmi\SHxn Putmeh evimp;c PSI pocesiSxr Pttt rap, u^ssuk s no be 

v.O x >t h •> ^ v lis Oi l i i nit ! P l 

arid .a c <>it P_ ^\ \ 1 ^\ i >c ' -m Nt t p u i n s , t 
i xp > i i a om ciu 
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i | po" c< sm pt < » e ^ re s v ' 

xsior dat may fes orosd >^ s 

is* ! s i v. v ! , \ & and 

i I v <. < >■ i ( ' x i > \ data 

; i < > o > a v <. n,v kikdio 

* >rhi $ < ^> > s bode ?c:to v R\ da ^ < < n u 

! us generates cox m o r 
symbol streams eonrespondiog to one or more traramadoal data streams. Each cymbal 
v t ! < ' - o- »\ " m , ' 1 d e > v are 

1 > v. * ! x t > U ill ' V. V p. it, N'Tii, h 

txmmmtU at re ^> prooes ;d) ryrobof earm > dec! to RX data 
processor 480, 

! s , N i ) s < this 

i < > , 182 rees nt mbol s kai/spax 

e processor ■■! k < s t i t so spendi mo^o 

v . \ o > \ ^ - d o »n dk n">c <.n)K\h " k\ <m > o o 1 t\ 

r with the 'n,"toi symbol stream corresponding to the desued data stream 

ood « s i i 1 ) r -P o wrhm 

5] i \ n 1 i * 1 » 

symbols ;s provided so a demodolahon demem 484 

|114b i c la w ; > 

> ' ' aa loo i , t v s > \ \, < <. <. 1 

i\ ! \J v n ui < < 5 ( in 

accordance whb a denmdatatkm scheme < M-PSK, M -QAM) > is >>!>-<, 

to ^ n < ? <. i < t 

k^m f * v. s. x k v^v. 1 < v ■> * io a 

0| ! ^ v t > t ! « H< \ 

h coded by i deco \ ^^ i « >^ « > , > ! 

at the transmitter mit For exgmpka a. Turbo decoder or a Viteibi decoder may be used 
i s dec d« 4S<! rfc j o ^ vvobh< ^ o > m 

' ■ ,.a.! 1 he decided daM ooaor Jvjh dr. codes ?Ss8 sco cv.c ^ lis cs «; s »t 
die ososmdted data stteato bejog recoyecci 



: nvsihan x M to Ucm > * MMSE t 



the mm MMSH estimate I ami the tr 
fniRimr/ed The matrix M our* be expres 



> s ! «. or vector between 

I symbol vector x (i.e. e = x ■x; b 



Eq<15) 



Emitted symbol vector x can be determined as: 



1 -Mr 



Bq(16) 



by pre- 



1\ ! o.«, il » > , v ) , 

! ft i , il de ms of a matnx V fl to b 

\ I! ; ILl-lf - Hi 

jJUSi The SNR of the r.;cu' symbol vector £ 
b.roe \ f \ i o^n h-x e>pteiv,»d 0:5 



: : : da . d> 



» < v < . ! > s. ! s t as 

i % x < ? I r s 

y ■■■■■ i •• ik v vp; i>rvi): Bq(i9) 

! ! v. ' ' < , ^ ! to > 

on She average, and from equation* 1 9) u (i ■■■■■■ - 1 > ?.be SNR of for the receive symbol 

% 

vector may be expressed as.: 

SNR ( =. . Eq{20> 

The esbraatoe: « ,s >y beK \ may be combined to f a a 

> < < , nl to I ! ! to > v. <. 

sto*-< v b i V i< , 

\ capable o e > ^ > &e MMSE toctoequs. Similar to U CCMI technique lbs 

< 5> e v ■! t \s \ f < < 

! i to * < >t i < us 

equation { j 5). 

* < < v > . Mi si (,< v a 

a >n (!<.<. i* \ j a v > a i jK b 1 

tot !\ M > ! i, x \ J ~ s 

M 11 <. ' < ' "1 V l J | ! H b > 

he * ^ a ! ^ N ^e ! i ss < > << to ! *. ' <n a \ ' ' 

^ 'i , ' I, Ml li" 

e s i > cart < - < f > - ^ n > tovea<e i s -nU e> ? m of 
> to< j ? i i s, * a x i s i bn i nun * to s m merarm a 
5 - ! r a, 'eton <\ o -o ^ , m .to a^n^*- to^ whsto :r>mbm< 



und \ -r s > me> spa<e. am \mk v •> ' > t > 

1 \ t 0 * ^ «. > i v^o $ ' V > ^ o < u^sj t>ii 

im I o i s \ x viik : d direcdy to 

k\ d "S i ^ s and 

(\ h < v 1 i >S ! -u > <n«v » v x » v being 

i * \ <><*-> 

jll S3] Ms > n > ! v. > v s - i , <. 

■> \' f M ij 44 )1!!10N v ,< > }i < v 

> ! h-. f <?! ? v. ! < <^ v ^ f ^ si! W\ 

< 1 \ i U > > J ! n i ^ V 

unit 

p * . » s v * V > 

0 i m< I > ' > t , 

|:I1SS'| A number of space- time processing n| may be used to process the 

WON i ; 1 S ^> 1 ! k ! I 

other ieedmoues, i;i carijooedc-n with the spada; processing techniques desenhed above 
< > ? . s> * i k ?e ' ! , ?0 >n d v <mi ^ 

v N ( s' s ( \ sn? oa 

|H5o s v. i I i i I v fi <a h B takes on 

S ! S ! 1 i ' i I" S 1 I S < 

hu i n i <,H ; n II > 

V >i > V V l v ! < s S < < * s H <• <. <>> ] 

as;; 



Ec; (2;) 



Pi M v> ^ i 



v^here Mr.} Lhe imesr tramfer hioeuoe from me.? ?h transmit amemia to she Hh 

! , 1 a s i i s i > 1 1 ! ; . <■ i ? ) t iv so-. 

^ t - <?\li is > ^ ^'io 1 4 < "k i raster I iiO n T> <. Ms > » h the 




: vector h associated wrth the Oih 



Eq (23) 



where k s .(k) :% the A-th weight of the channel transfer hmction associated with the 
path bets & - h in ; it mi ana aad the oth i eivt mi® m4 I is the 
mosimiw extent (in sample interval*) of the. charme] time dispersion. Next, the 

fi{*> fej(^) A fef,, (A)! fbrOSJfcsSL . Bq {24} 

|.HS8| Fhe received signal vector r{«) at sample time ?? can then he expressed as: 



» » - > B v - - u » - ft v< u > 

where B is art N,x & + Mook-smiclursd matrix that 
chaxmd matrix transfer fenchon M(xh and can be represented as: 

1-111(0} id) A lhU\ . 
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s f»: iLc K K uvmoJ a 



M 



1 by ^ t>nr > a convolution of the sequence »f received vectors r»>) 

e sequence of 2K -r ' > "N s * N T weight matrices M< * ) , a 



rin K > 
M 

ru> « re??} 
M 
ri>-K) 



\im\ V f V * fNE ~v<l > > m ... , Mien x «iM ^ uc *w to cr ot * 



0, -K£X<-L 
ifC^-}, -LSA.<0 4 
0, 0 < ^< IC 



Eq(27) 



- 58d 3 5 



B.{k}~ ( u?< ^- * - " Eq(28) 

[tjk% otherwise 

u>! S i s as >. v - s < 1 » ' <- v 

Equation (2?) can further be represented as: 

\m~.ii\o? m-hV' , iq go) 

wh*re R «s >ek >h« * h Moo ( n b Ihj k } an-J 



MIL - I) 
M 



vJm H, , is® ?«x'« msatnx of er- 
[mz\ Kn unbiased MMSE Lb < 
lime >•• can be expressed ss: 



I \ tos at 



Eq(32) 
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whore v u is the M'h diagonal dement of a matrix V { * is a scalar), which can he 
5«d as 



V Mil II R ' II . Hq (33 i 

ITfjXj - , - j,p > s nmXs v ao ^ v M s 

expressed as: 

,< SMR - v s <> with the estimate of the symbol * . m vi o« t <- £ transmit 
Mm a » ! < i i m>, , * 

" ** 1 ~ V* 

|!I64 \ i «. WIS! fo > i J a - • ,v < M< 

processor 41(te m FIG. 4C. i this case, multiplier 422 periods, the convolution c! d 

5 M < . i «. t * i n %1 

pr >1 >f the hvh stunata | iih * mom! m <. r* to S ? in fh 

, t nv * ^ , 5 1 < y\a > < khm! ti u ^ od th 

I* m f Uk n ' Hi !» a > n i 

<.h i. v n * s > < ( j > N v5S ( \ i | ( «q The 

S.N v * 1 - ' > Hi! ! , a > iivitrmi 'h 

>asedoo Kioe..{3 > > s 4 



4 . PH 1 . T<chn . j os: v,- ft -m I ijE^mU 

\IH&\ Hi 4D is < block diagram of an embodiment of a spatmi/spaceomm 
- 4^1 - i .jMi c* -so? i m ' 01 i < «i m 1 
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( v. I £ * I h s it! J tvft\J 'ilX 5 \ ? 

r(n) 4 > a J St j t <e< s ) s - tK -s ! i s> ' ^ «u t u "* x < < -X ' \ 

5 ! h ; - < 5„tov« tor* a 

us u> p - no 4% 015 vi.ii '-5 U CX Mi f X\ ^ iu-v » Je^oN : Am 

! j< ^ < , i t I K ' 

f o i s -> i j i ; t i ! * \ so * ! the 

jo < 1 > > « ,< sbs mm > y-e processor 432 s eh v 

c ?o ; 1 » i >> I * oris sou; sppro t i h 

amoved. Initial > ted distorts 1 N i m equaiXe 

10< iSj, 1 ( ")1 )K !f l ( ( ! u } t^ 

> i > , 1 5 > ! >o 
vector x , 

iUmO f i ! s ™ 

s > 1 n > > t f ( u;.'> iV. \ 

msmitti? lata < aty be pr led > N s hick combine 

jdUJldvW! Oli VI 5i'0 5-00 \ K - f - " f „Svo. 11 S • M>V HoXobpO^ 

symbols s are then provided to RX ! processor 480. * IX sonse other oaosnur 
> e o* a i « v 5 » i bo » lb < 

RX >. uj processor XP RX data processor 480 deroodaX-ea. deorslerieavess and 
r 1 od libit it f p < i its stn art being 

recovered,, as described above m FIG, 4A. 

in " j i i i i t 

data v N v < > > 5 <~ tst > < < tX 

i > ) > * t Hi X i \ 

n s t \ a ' t ! a i j > > I ? 0 < t the 

> .e-aa ; ; o - d o>-. ~o ; no i i >-fodaktef symbols from channel data pxoce^sor 

jwikU'a s db« V ) tK s-^s IX shs 1 - >-<\ cv* f s < synahoX k> d* -ve ik 

t i t u >tK * <■ i < j' ' linear 
spaoal equalXer pe.p, a Hoear transversa: eauabzer), 

|tt68 < ^ < N > . e <> < X < t s ! t < ^ ttt > t s t 

1 Kd f -o . ate a ' ■> t\ a'K Jt bt sXc )btt! wn nP >, s >> mis 

ec«d< ^ ^ 1 i ioi osrsu eo't ether ) son r. mpon Pi 

Uil> estomucX « <d the staes s\tois snueter-,.^ osvts isoc I \ 5 tX 



\YO"KVf>41.if»> 



Pi M v>: 0 SM 
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decoded mfonntttkm bits ma> he u>e;o-b creeled out, Tfe paxx-roce; performed 
by forward receive processor 432 aod feedback processor 440 are typically adfessed 

s to pium* ?o h nk m< t o< (M o . > 
o t * «t » t » u . ou i ^ 'h b ! s j db^nkd <* 
further dcuJw the Afore-EVTOor.ec r u> . \i m d« ; 

jMo*>| so! V D E eel q ;uMred e?ii £<« ot ' the I smitt«< >wfc j 
u» o; , i c > it ' ^ i 

vnKio rtK) u Jk sftU-K of re>e-ce nodofener, svvtf>.-,k vhu* - ,ncP 
equation Kb"? ^«) >b mo vector of symbol de< Kions mov .fed b> RX be. r> ocessoi 
480, M,*ji), -K } <*<b is the sequence of (K, s- H -(N T <*■ K K ) feed-f«r\v f «l 

fbs sequence of K > -(K,. xN R ) feed-back coefficient matrices used by feedback 
processes 440. E«oao'oof3 <pressed asi 

\s .<<} - M r( •; i M k ? .>) ; Eqbm 



M Mi K,\\h k v M," M \b! M * ^ Yh . ] 
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l> i\ ht MS!Sr onicn^n :s v's * i . 0 < u> » < i5\n d; 

< s M , n M ' o' t ' ! t , ,< , < ' . u d The 



M 3 i 



Eq<38) 



4S 



lit) 
M 

m j 



! k 5 



« lip of N<, * N a blocks The (i,j)-ih 



: MSh soIuiioh for she fead-back filter is: 



plU\ As m tM MMSE-LE 



Eq (39) 



Eq(40) 

B **} « 



and v the •> it \ \ i f\ vluch cat 



Eq (42) 



Eq (43) 



Eq (44) 



SNR : : = = - 



Eq<45> 



5. IM!£§0^ 

For the f*»L s Si techniqtie, the received sigoals ai tbe ousp^ of lbs \« 
msa nwy be expressed as sbowo above m equation (6). which is: 



Eq<46) 



f t , « , , , V i \ * |J, I ' >i i lid 

i or K , x N ; The rm. preconditions , s«t of \« modulation symbols o 



S-SI ■ 8q(47) 
SshoH M oi\ • j eenym.e^rv? tr be < .>,u of b 
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|i*74| the we or pcrhvws m 1 «,t m< \Hvc »\ ration, lite<3 by pre 

ip «. i b\ Ibe „ t <. v s "^*o N s - » ot h * » » < i <■ and 
re-it . i > > | ? s v < f nht , b s cU 

/ I H IJH» 1 H o U> i f Eq<49) 

where {he new noise *u covariaacc ! H can be expressed as; 

«" M0 "tlE) E S B'HF • A . Bq{50) 

1 1 ? a ! CO a, i% v v The 

-\R^ , : oi no» / » * \ O a b 5 urt v i 

|»rs« ail <S nx « is i M . i i,K i n !h i < mb \ 

f!l?6] The spatial/spac ukdu s r embodiment she* in Hi 4B j ryai 
m, „■> i, , ; J - m n u a, » J o s r 

are Stores* by match filter 412, wbteb pre-mttltiptl«s each vector r wife the conjugate- 
f > s s iciest! maim H ) « i I * 

vcotois t ' , it I to 

feral an mtimUt t of i vector I 1 i i 

t9) \ ' > n v ( ; , 5 < } 0 vib 

b ! ) 1 < data 

processor 480) may be performed aa described above. 

j!l77| fo m bin ^ > v w >< s,,^ i mm* t m v «ooiv< 

* Mm bm, i , nl * »i r« u^.Mt^iutoh.v 
f h v ,k b i ^ Ji> , y du > m b Hi w Icon w >n t 

Ch.»i« ^pK ^VlCi-A ^MfiV'iVl ,HM Mi M!K UJ b KCCJVOJ 

s ; , is. w ! > < s u i i fbe 

eb he | nance of the cc ni io I em ro * u t 



i due to previously reea 
od die SNR of each 
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6. Snecessfre Cmczi i m eceiver Processing 

a s u s - v v <■<,» < v - u n > 

<H > , i < < > s M I v - v x U OS s s s s v. ! 

< (5 S > X" r> s Os \ \ t v si. it" U 

! ,> h <i hX< - O V ll ^ 

is < < the 

5 is 1 t f s>< V - ^ - 

rarssmitte> i i u 1 s al pamth ecovered is 

J >S ^ N v. > < > - ' > I > t X s t 

i i K ! S j i ! 1 , si 

processing technique to process N R received signals to recover N? tonsriuttec- signals.. 
For mo the Moving description for FIG, 5 assumes that (!) dse mmnxt of 
< o m > ' s ' i u i e i < > «. 

s smv } > > , s are spatial sabohamuds of a 5 Ms ! system > t \ . 2 OFDM) 
s. t ^ ' e < v ' < > s < , vnt <sM»5rr£» 

| ^> < * » \ s < s i < S < s Ml » I 

s ^ < i ' i > - O 0s> 5 

m s s ' , i is > the: 

received signals if the MIMO channel is ima-dsspsrs;ve. h tuay i be riecessary or 

l s > < s I ! < v i) sp . i) J 

pfocess>!ig) on the received ssgmha d' the MIMO channel is dme-dispers-ve. The spahal 

Ks s - s i I * ^ N \ 

■eepi v v he ed on 1 ! * * s I < s ! i < i . < s 

The amount of achievable signal separation is dependent on the amount of eonehdson 

V 1 1 l \ 1 < ! O O > is 

, s- d el .'v ^ s< " a d 

HM -pu i ,'vilv\i xim rKsC^ f ! 

i s M ' S V - ' > M ? I !> 1 f 

i o , ! -t , voi bed** x a' 4, m <- s ' > ' 

O f ds: i ^ a s o ! <i k ' ! ' < 

SNR a- seleamd and fiathcr processed > > , M s\ \ I h to ohtam a decoded daer strsarm 



W<MO/04t:«0i> 



J > >> - i 
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si ti -> >h> the dettciio > o i t c ! <v odk $ n v i and 

1 ! i d skecsed t f >. s * signal. The decoded dak stream is an estimate of 

Jde ^ » M >■ i i > the > s > ! < I id hemg recovered \ dm oerahon The 
•> s < ' 5 i mk s r so < ! < 

l 5 , U 5 i mk k v liU ! 

Ul^k \ \ a ) ; v j e o k 

l 5 « 1 0 l ! ,\v x U t \ vv. ^ 

* Siii > • 5 hC? <■ ' " ! i ! k <. V. U 1 U - N 

estimated and removed irora ihe received signals to generate kmdoheo signals to- nV 

^ O S> i Mi ^ s' 

d; -520 ihc decoded data sfa sm h used -o form ass estimate of the 

>!> Hi ^ > ' ! > - < * ^ k s" 

i * < i Ik > , < ^ 1 v. N v. X < 

K v. * i S t ' i ! 

mierleaved data (using i'fee same coding, interleaving, avid moduMbtt schemes used at 
d> o»i- m »nn \, o <>om>lo ! - j \ n 1 v r„>t 1 Sun? \; rn 
The . i I v > « i i i i>' 

* t v i d = tb< kd 

> * ' -;n i i i i h ed \ 

u» r 5 l > s b I s 

Odk I J' i H ! ?! 1 1 a 0 k 

! \ ( \ d < ! i ' H v d i d f 

k ^ v < ■> a > ^ > i k , s 1 ? id a 

v\ S ' t , < i s k <. > i > , i > , 

x s <. Ovuxkd data st^\ i 1 i 

> ! O \v x 1 0 s v ( 1 

f>4\ M N s > \ hen ski m Ik 

N ; < ewdided s?gftsd (instead of die Nd cuccived signals) to oic „ \ m v c - ,f 
-seps ^k j\eaed for c,Kh ans-rn^ ^ k to be 

recovered, o ateps 2 and are pcrkvnTicd d fherc is ar-odier t * * * signei to 
be s-eooversd, 

Forth S)S iU a >; \ s v j < , , s N s ^s. s v. s -' v 1 
Nr r^cdved antennas. And for each subsequent itenstion, the mpyi signals are the N« 



SO 

roc-ii icd Mg?KUf i o he yeses' t\ s ue I : i-om ?h<- frcculw^ lo j The 

; 5 > i I >- ' i x l -\ 1 -5 5 i 

fhl tV < . < Molt fepSOfiCalA ^ - 00 s b .OAI 4 iO h 5 UiOatixM 

she i 1 i > < » b * fig assumed to I 

J H ,13? , 4 > ! i ! x f - K > p , , ' , > 0 

.<% rh a c u , is 

* >i \ it < e s > r r i > ! > > leavers Each 

v>Hi , ^ - ^ ! O d< > > w s % ' <■< Ov > S !v 

Ms d si \ i i ! <>< t 5 s 5 > * » \ > tithe 

j vi v ? 5 < ^ - , >^ coved 

signals to provide N r post-processed sisals, arid oso of the post-p.axssse.d signals is 
detected to > *v i h dsie srreaM corresponding to s vransosiUed signal fc the 

< > t j \ i ' \ t > i 5 H i> » f < s is 

&« decoded dole stream is canceled th>m the received signals to derive v d tied signals 

i m t < i > e > 

P » * > 4 . if t i u s o , s s 

wba h reay be expressed as: 



£p (51) 



K\ ' i v > f «. < ' i < , i M!l 

S^V J sU) « ^ > 



The She of she posi-processe<j signals owe be estimated, which may be expressed as: 



wooauss.w* 1*4 I ? h>to K.m 
Si 

fll88} One of the post ess. * s v t<a unha 
po\» n occsW ^ i i \ n\'< > > t w o This 

to eded dau ^*roar >i> the*. eetd ixt esUseate the une*tor«\v * wieratoe % 
recovered sigaaP which may he expressed as: 



bgW) 



to derive modified signals * coaginse j mput Signal vector sr ; tor die next heratkm. 
i > i Ue^ c^ ie^trd^ 



M 



ho<— 



J|8«J j t 

. V C O - v s - ■> i ! )< 1 Hi* 1 a! 

gl uOvk ^ < < K ! i <. !. \ > if;-; 

> * - " ' ^ v ^' * ^ i ' > M«>,SL ) i< » ^ S 

Mvv 0 v ! ' ! 1 > \ to t> i 

a--' is recovered re Pie second torctooio and so on, and Pie Ny-to post-processed signal 
xg; ss recovered \. die Pi . s ena-v toco Pee % SI >rto «u\ to. repooed <P> th«At 

i oi ! k x MP'P * p s t i 

» ' <• c' \ i s ! Ov h \ i The 

treiisnPtred signals from (up to) N T transmit antennas are received by each of 1% 
,«tcsiUis 2^P, doougis '\k a to outer? to a nvputov rtcre^Vato- to4 Pvs- 



, . > - - - 



demodulator 254 processes a rssfHxtfve received signal and provides a stream ol 
'fc^^itti'jxt* Cm »"o»rlos^v th ? j m . ' heifi, 

livn tm o \n ^ < >i'\ .r^i ^eK,\v v \:ivj niiVll , » 

5 i i i \ t l i f i ^ ^ * 

ss > ! > ,"u i'u e At >i ^ MiM > r | <m s 

Ob \, hb 0<>„: o '5 1 i * i i 1 .«i 

it 19*1 1 the embodiment shown v FIG. 51 RX MIMO/data processor 2bik 

hi i i ! ! > i 1 . « ><. S <f(N t 

i i i ! . v< 'I a* ' m Hs'W 

t ? h i ! v >. su 

So o ,u! i s s ! i h i \ \ n < 

aod it i ( i n t s 5 

n t < > i f > < * maul v ! 1 ,d\ o J 

is also equal to the number of transmit k s used for data < - t \ (which may 

>e i \ i- < s < , - X i< ! u r ^.i 
200e \ described for this rm processing scheme. 

\\V*\\ f* 5 * > >> O N ^ ,f i i . s . - ! " v. h > 

change! MIMO/data processor 460 coupled to an mferferenee canceller 470, and the last 

l' ! M i < s Sl s > Ot t?K U= < U>wi 

> O <> s . \ V ^ . , < , * , ,< ' ! 

\ v v i * i k to provide ?f 

decoded data stream for d > first transmitted o n x. And for each of the seooud through 

bo, - op- iM-o n i e ; > d < ShMOd'U „ >< j r e s ^ < \cn 

and processes the \ modified syamoi streams from the bnerferenee m< ehe n the 
preceding stag* to derive a decoded data stream for the ; e si < signal being 
khhu oh hit ev x M\ . ^ a* ' d^ im << v >- i i so h * \ 
\t- g , tne SNKHhr tne associated ?osi s - s>Oi , muuKth 

jll^i :,\ hv cot o c « ■> ^ •$< j v 4n • - 1 " fv$< v - * 5m 470a 
rceeo-'c? the modulation symbol srreaoos sVom ad h»> demodulator 2S4. And tie 
eaed of the second through seeond'-tc-last stages, interference caoceiicr 470 receives ths 
\ >r ! I v] ->1 sts ao to < u ! ^ ! * li iu dir^ » ^ 

Each uuenemne-x cmeeder 4'ht , < rcccoce? d;e decoded J fa stream horn channel 
MiMO'd^ta |xoc«ssor 460 Within the ssme stags, and performs the prtKessiti^ (eg . 



W 

iv^msAM > s i 0 o o o o ' 1% 

, i <% v\ b i n *v ! i in < > ! f H v - s ! dm v 

1C i <. ! ! { 5 l H V O ! K ' > U U 

^ >J'j\ <. Mile M ^ * , iHA, *0 ' ^ !f U i .1 ^n'iii tMii 

symbol streams to derive Kb modified symbol saea;ns five include ail but the subtracted 
n < o \ > ; ; *nn o r p ^v'n T \ s 
provided to the next stage. 

1 1! '•>*>! In Fill 4? c oiles h pk <X MFvh ocessoi 

f> i ! «i ! * s i< £< > s ' < ^ * * . -V \ 

processing. 

s U f > 1 ; c > > r £' nfo nd 

manner wben each data stream is transmitted over a respective tnoaorat antenna fi e., 
one data stream it < a < each * i > * sigmb). In )n case, each receiver 
processing stage 450 may he operated to recover ,me of the transmitted signals and 
no s ( ! f j-m -* * I ' i iu -j) I 

jl Fot her 0 p » ;nies, a data > in rmp be 

a P i i < | s 5 m > in 

»t> . to provide spabat fkqnency, and time diversity respectively. For these 
i i > 1 < i < 1 !' Mi 'i* i i ^ fu 1 

i ih ; a * n t h i s M 1 i ^in i 

Ma a £ e symbols for midhpie trammb antennas, beqeency subchara-els, ami/or bme 
Inten Is kui - mbra n \ >o ien > mannet £ < dernoltipl xmg 

! < 1 i 5 > % i > f v. 

pn "cvxed ? << psor ab foe -a>rn i \ > , in 

' m i t n i j j > t 

P x <■ 5 U tr d WMO hk i 

h * * < h \ * 0 sn J £ ' 

it> epnce\f<s s a<,£xnOi ' pfvXt ^or *8<> 

1 1 .2001 Spanks a . n processor 4]0x » t -fj apaiia] j spaceOcne processing 
or; tbc N k snpiP Signals. Spat^ai/spacenime psoeessnr 4!0x may — p - < a the (XMI 
oj scan -bier spabd processmp £u.eb « } t< sr. b a u cbao; 1 tnd 
n erot-m dn MM ^b\ os so m o p s 

teciiajqne for a dispersive cbanneb 



[rm\ FIG. 4G is a black o« of an ■>•>* i * of an interference ncelte 
I7(h i may be used for e&ci int fereocc canceik < * x< * #$t 

i < » ,t , % % k > *> 'v ; s. > h Uk rnc! MIMOilUa 

t 4 M\ l» I v > ^ 4 v > ! 0 , 

TX ctoa processor 21 Ox performs Ik same processing Pe,g. y erscocHng, 



mkior 472, which 
to provids est mates of the 





s > <. , 

NO < •> <. > * ! i > * ^ the 

■> < < n > < n t k< > < ! > v t > . t f, v ! .mmsru ^fo K k.' j 
I;, which is m estate of the channel isspoase between thej-th tesmit antenna for 
whrch the data stream Is being ^covered mid «ach of the Nr. receive mtmnu. The 
vector Is maybe exp; 



4, 

M 

4,, 



Eq {56} 



s which ran bo expressed 



J 4 4, a ^ 

M MO M 



EO {51} 



The matrix H msy be provided by S 

same stage. 



m i i ^m\>mm 



|12CB1 If the .remodulated symbol stream corresponding to the /-th transmit amenna 



\**04\ 1 lemeni I n t * < I do the c< -mooes 

M h t i> v > 5 % >>. >< n 

> N Hi ! ! i i i f ! t "> 33! 

estimated component < so tho decoded data stream in the eorrespondmg received 
modim ; t symbol stream. These vooipcmcois are interference to the remaining (no? 
yet detected) transmitted signals, kt the Hu. received modulation symbol streams- (i.e., the 
vector r* } s asi r 5 by a 

t - > i > > 1 h <. < k o<> ! 

<mm t c m s >ted I <? JU. \ n > ; v vttl a aou hou m i 
(55).. ied vector | i veot < 

processing stage, as showr? m FIG. 4E, 

"* >\ I i > -e ,i h i < > < Ai»h m tm ' ouhe 

v , - , - ' ' , ;i > v) h m x « I > h 

, !),!> s* Si Iv. i v. v \C- v .J ! (\ r« < , , ! < '\ , { " < , 



o! o ^ I tm - m d > ! Mwmi i d t > *h < 

vm d trams J < > pressed as 




1 v' v 



M 





Eq (59) 




450 s and these * 

ibu: streams ? ^ e (i.e., creeled}. to toe embodiment shown ; FIG. - each stage 
rsmw he wXzx t >on«nts d > dan trs* < xted by that s tge to 
some other designs, dse received e< t swobol streams may be provsded in all 
stages, and eacb stage may perform the cancebseoo of imertorenee components from d ! 
it ^ < s i i - m n The 

n e n v v ( s> si > 1 ; >e , n v v- , t < < - \sg 
ortoedaf i 5tog!d \w hi M<,kMtl, receive? as Cxlnre ^hoo n e 
FIG, 41 may be made and are within the scope of the invention. 

tunber detail in U aforementioned I S ton- n Application Sena! V 09*54.235, and 
by P.W. Wolmansky et aL in a paper entitled "V-BLAST: An Architecture for 
Achieving Very High Dm Rates oxer the R.ie to Scattering Wireless Channel", Proc. 
tovto - < > Italy, winch sn incorporated herein by reference. 



112081 The toil or partial CSi may comprise my type of information that is 
eu , d sh .* so< i .1 * o tau „t,o« Stw \ ,wjn UTts of 
xtou> i>\ twv to ! v d<to xv un x p,,n\il CSd a- d m. n .^Xw vk t to d 

be tow. 

Partial CSI 

s to * > ( K\ s ^d\ jii , cjo^o ^ ico 

! ; v. e X^ t > ! t ! I \ ! i N ! <. 

, ! \f > provided for each transmission h i to ;med for data is i n ^ 

!uhi . ! >M « ..toPn.^ t o x .><voa tor a: 

number of i> sr<s x channels. The SNR mnk n\o bo pnn KvO so a value 
having a particular number of bus. to one eotoodmxent the SN.R estimate h mapped to 
an SMR index, e.g., using a look-up table 



tH M vO 0 <M 



S? 

*| 1 j t s e nnod ^ | t e -*< < v < * * ' >oe ( and 

! t ! «. , i >0 r e 

i <. ! <o.vNt ( * lunnol o ^ sr> » n v-<o? ..hnuu 

na<o nsssson. 

fill I] in > i odin 1 ?a i < \l , a x n s . d \v< 

> > < , ! « , < ! !h ^ , i > \ V 

i ,' iXi O ' 

jdRiy? n , . - < - - i - *o v v 

pins s ! < <■ , ». . v x Tlas 

li ! t < < * "> i t i ! S '! 

! ii i ion char I ^ ! <h.u N ^ < 1 

s *^* t s ' 1 > - 1 s 

*> i<> ' s 1 1 H ' ! I v 0 » O 1 

05 ! ' 1 v v i v 

entries). The transputer unn may then properly combine the signal component* and the 
nons plus enc? ko n» nompnnsBts tor do appropriate dnosnbtoeceive tnoms < pann to 
i i > f ! ' - > ) " < the 

U \ 1 \ x t s x s ' t 1 t O t < i O C$ U t 

1 I 4) i ' i i ! \ U * lO i < v 

v t - ,< , 1 i N < it i M 

- is s <> i s. ! .v. i * n x s , < 1 the 

transmi;?siori channels and a data ram cooeapondreg to the deno-mmed channel gmday 

< i X N ! ! t ij ! i i ! i K<j 1 n 

ind;e;Uive oi ths masimssm dain rate > nnty ;>e noosnntied op. the ' » ' ^ < 
quired is i lata rate may be mappei 

i ^ fO h n For 

i nenpo ;f sun to) west nos:nt>'!e oo.t rates a<-. o.snnr>:ted *>y dn: t.raos;oitnrr unn for 
e&ch dansmn antenna, then a 3-bit yalne onay bo nsed to represem the DRi whsre, s , a 
-o, < a nnis , a d;oa one of zeos o - . nerd: use d?n trnrsnnt anonnaj and 5 tn s 
may Ik 1 \ desn => lot m <$ s n * m > d < i < ( o es the. 
channel quality nnno;uremo;ns (e.g., die SN'R esnn;ates} are mapped drrecdy to the DRI 
n > > _ COk »'e- 
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h - ^ v*. lit unu of d y- nn v ^> »\»ikm >t t «. 

p ! \ ! < ! \ m fo o > n> I U * >! i ^ m ! <. $i s v. r n o 

>n t f c '0 5! < , « 

r < <>< I ><!;,<> s. ! 1 ! 0 , ! ! S 0v v O 

\\- f 0 , i - ^ .-Jmuxi 

I 1 ?! ! ! f ' v. if 0 K 

' > l ! S <<S i i < x ^ k O >\v 

or some other qualify measurement for the rrsasn^ssion charms! i$ deteonioed and 
r s i i <. i f > i > j ' |o vi < , 

^ s< ? 0t > continues, and the ddfeienee between the K reported 

Sfiii ifo CUrtC'Vi Ci •.. '■ i (kiCiVMmd ffo l.'iMV!\>. !1IS) thCO 0C 

* s !K u ->» and 

* 0 l n >S f 1 i ! <. ! d 

u i - m ^ u n\ t. f < v ^ ^ s ^ . i s. \ >. , Ut ha 

> I ^Kf M' kf » ! x i ! } 

differential mdicator may md?cste dial (i) the observed SNk for a >\r v ' » 
transmission channel has increased or decreased by a particular step srva, or (2) the dam 
tare should be adjusted by a i ' coo or > m other change. The reference 

< f s I x s s sn Kmh 

indicators and/or erroneous reception of these mrhesfots do not accumulate. 

mi est 

1211 ) > ' ( f ^ > > , ( <» ! 1 , other 

C! - < 0 v. , s \, i » t > i , > , 

m i i may be a data rate indication per eigeorsede, an indication of the coding 

md rco ion s f s r ! 1 ! ? ? < ver \ 

• N !"> cos the signal to ccertorsnce ratio per eigenrnode, and so on The information 
desx i ibov< < t mi CS1 nmy dsn v c p^oioed as hhc S.hh s h ed 
irdV,-rnmtio?> 

}tri^ iKnn,,, .n^ , „ n o e >svs s \ II }I Ihi 

! > 4 i it'heacC c> mn ». < < , < > - i ! i nvalees of i 5 nd 
<■ < e icjui us ? i i.- S }onJ x s ^ t m f ' 

<o Mi t'k iah » <i O! Ch o . 5 k n 
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\Vl i u ,x i » ifs no c' iii ^Kl 

types. t ^ a - oi h s s/*i \ v? 

i. H >. 1 i d , , i> t j < >i i > •> < •> l>, t 3 -sc. 5*> ex 

H ? 5 » n f < 1 1 0! •> i ifo > 3 \ \ 

i < ! i S < Sd < -S \ v ! i ! !, ) 

- * n > > ^ Ii4 i't; nil iiL >mM}j 

n ( M j < ! ! SO > ' s 

f^rh'm^ 5 I « rtkgCSl 

sfofoM IS e i S r i > i - > O , * ' .! ?\ " xx J fo ■ V - v Xt 
nmi «m< ' u ^ i b \ •> > < < i <• < \ , ^ on 

| 1 i i $ ' ' > s| ^ V s 

derived hexed on the dais included in the foaxsnxUed signals. 

11222} in i t 1 * .*» < s r » s ' »K 

transmitted «n the reverse ha.k from the receiver vsn.it to the transmitter nmt in some 
; 1 < i »u 1 1 s 3 t K 3d t for 

< ^ < >•> !. i" \ ^ n * t, <s !< ^ i ^ 

sv.s - iii i A ' > i ' j ! < >! 

of the jowsiiitik ma> h, estimated (to t requisite degree of accuracy) ? seed or the 

sit x; 1 | *?3\ * xUi euy bf v is . I ^ d ot n i u p > ^ 
transmitted .from the receiver unit. The pilot signals transmitted en the uplink would 
ides represent a means by vexed the tnmsnhm'r n> could estimate Ute I us observed 
S i n un < i u'ia 

X3in \ 1 1 5 i 5 <• 3 for 

n ■> ay manifolds, and i f ! 

\euan^ i ! » i 1 1 i >« > 3 1 < i ! s 

i s f t \ n fox xxs vfo n < I k Kt^.een d3e ivcce,ef umt '!id 
rtansmttter unit. 

Mi\ x \ j ^< « t i J i t <\x\ <>>' a 5 0 3i s 
f June e<> ^eee .x . x ne\ux; ^ ^ < . < n j f - U ^ ixe n -o ^ i ! n 

s' uO ! . VjK < 1 I iiCl\WldV! N < 
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* U.S Paten? No 5,799,00$, enhtkd "System and Method for Dettrmromg 
V< <, it! Ceu,> ^ > s < ■> i < C\ \ » ^ t < i > 

< , - ! \ v>. t ' - 1 , 

* ?<S P.dee ^>0\>>4. c .! M w U x nog look 

t) ( > > \ ; i i < > nS: - d \d 

* LIS. Patent Nos. 5,056,109, aad 5,265,1 19, both entitled "Method and 

pp ! i m s-'es > > N U , it \u 

' i > J , n ! v - 1 s 0 V M Us " 

1993; asd 

* C,S i t n , 1 •>< 

1 , < * .v!»ik\V i v i < ^ > « fi 

11224] The CSI nniy be reported back m the transmitter unit using ik<\ CSI 

'< i M - ^ < s \ ^ 3 

i , f < 1 ! i ' s ^ f\>u t >l 

and differential updates an; sent based on the poor transmitted CSI. As m example for 
ihh CSI the updates may be corrections Uased on ars error tapaaa;) > the reported 

s 1 s I <s! - 5 O \\ ! s > 

these may be updated at a lower rate. In soother enfoorionsnp the CSI is sent only when 
«U s ' > v v. ' i' r > ii ink* 

<. ! 1 s >?<<><? 

s f i so >u\ <. ft er; I o i ! ; '< hi Ur t > «i A t [ t 

\><t ! * t i U CC < >u . o e^o< * - 

, Os 5 a ' ? o v s > > s > < 1 ^ ' 

system using partial CSh ddhe SNR corresponding to a particular spatial subchannel for 
Mm <• x \° '( * 1 f • < >f ' « i s -i^ 

M i io i v , s n< ] i i » j i'i 

I } ! - * < < i 1 U * J lj i 

> >K 1 "> C I > . <-< p. 5 ! (f > 

| ; :i :U i Vanous types of information for CSI n various CSI reporting t t < 

OOvUbj ' d i , < V s < <! ' ' v . i \ 

and Apparatus for High Rate racae; Daks Fraesmission;' filed Nov; nber 5 09 

^ > d s * ov >r>po e -i U potent appise <0 ; r<o -o Ulb fo ^ U - n J >■ 
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i'igh Rat 5 ket i at h mi ua< %n Lj.<<> s 
herem by reference 

fi:^ j m r f M , v« \ } vtVv - ^ * 1 i ! ' 

t ! J) i \ 1 >! v i lO ^ ! 

Ml! 1 * 1 i 1 f ■> ! < v «. v v H < S 

partial! si 5 i i s rid s j 

Unit via a reverse < e v ! For the partial-OS! techniques, adaptive \ m \ may be 
> \ I i s ! i ! s i v satsors (an 

i fuxcN i f d - da veh m:e:) . i eea-dep} n ed Ku± k< the iranstwtua 

and I lit ! « i s > *i igesiawdcs for each hequenc) 

subchannel tbmsj B; <, ! >a< ' * s { >o le t implement adapth 
p - i * ( ' ( < i > i t to , v s\> v * a j o 11 « VvMo 

channel. 

t!22"j Referring back to FIG. 2 A, »\ t >e dowrOnbo the tod or partial CSI B g 

i J 1. \ 0 < 

processor 28fp winch processes the CSI and provides processed data to one or mom- 
s' Od i as 1 h ^ 

CSI back to the bass station via ihe nplmk, 

11228] At base station 104, the transmitted feedback signal is received by arnemsas 

2*, m n vd N > ! > * * P \ \1;\KvdaU piO( 

240- V s j , > ' » that 

t <^ * s - ! i i 5 i j 1 < % d < 

<i t ui i >i a t < i * < 

MbVIO processor 220. 

U x Sase siat ^ 1 idapt) pi t the 

«. \ - -i « ! ! | e v.; mm e <n ■ ! - > i 

, a ' ! > h -e t 1 ! i ■) s* , » < > < t > i s 

e , is or f,t cJ b\ t \ ,! il < < a i< < ! 

* s 3 i < * f ! s bn > <ds * p o 

i . <■ i > i ti e s ds ' i pe » s The 

s. •< s s'ks v > a. C ! <a to 1 in h > ' >i 

in 1 >t i < i Lf. - ! 

i« - nib*' mt u' t >! pcrm-vmc 1 K rUvO 



p i og i K rph»d i s - » ' ^sui > n nv oca s barret, 

M M x\ * ? < « » M V* >s tt i . n ^ 01 DM) 

*\Z\i\ l t > ! < 1 h •'ixk j > ui<-)k 

he transmitter unit may be achi urn* o whk 

oretn totted U,S Patent Appl t \ k < N n ; 
09/532,492 t tHb 8S4 35 

t' iivs, ni ,1. i . > h l -i h o % 

MIMO usur to uhlbe the additions; esno- created by ihe use of omlbpio 

s ,<) ! <. ^ 1 1 i i v33W The 

! i v i i 1 v i \ !> -> v be 

i . i( Ml I i >* t , , > 1 

■::< oei ox x chree i,«y el i ^ , 1 \ h'pnrtial OS 

techniques described hsrero < d are witbm * scope of tbe invention. Analogously, 
FIGS ! > u csaver unit capable of 

> oo i \bMO eauo) < « ^* , s > - . so,\> 

channels (e.g., the SNR), and reporting fall or partial CS'I back to the transmitter unit. 
On x , th h icntto p'<-s ' s i < viwi e. Xv \ 

f O i N«V ( , U > i 1 V 

Adaptive Reuse 

x \ * > \ e ^ ' v v n i i < o i f 

u ! v o f i <. ! ' i f ( e v i < 

d v o v < s ' ^ 1 i < < ' > ) *"> jU to 

i 5 i ! < ! d s ! I 

to rn\bh roah al e, ae * u vV t - s a i>ar d> v ;h „ < > >ui„ 

oi'efl i > > NS o 
! \\ \ n <. e ! i r i . oil 

> ^il . v i 1 * ! < mi i .jv: 1 wp i*m for 

exasople, consider a 3 -cell reuse cheer,? commnmg cOds 0 3 oral 3 In this scheme, 

! i\f!^Na<. iK)KatiO<\ J^'ljs o aiv a o> t 1 

may he a one: slot io a TDM oanen a code channel m a COM system, a herpjeaey 
v , f i ■< 3 \u n i ne » i iucJ't' 



WO 



63 

> V . *vh I tv'lS !' 1 v < i ' v N * 1 

i 5 ! \' v i ! > 

cnr> s v v \ ^ - L- i v v. , vh u i v Mo 

<, i ■> k i > xO< a Sf\ t ' A'? )K\ „ H 

K tt - J " 1 

sii'M -oh c,\ ovui^k vaeudae e Si-uKi.-! !u\to^ p;r\ -o ol rhc 

v-vd k>c ! n:i\ s I > ! ! , ^ I - f nann 

?«=»< «::UfU»o>< -n Kr>:«t- 5 cns ■ ; nd>aah ,:• ':;tiin.; J a a ■ < 5 if! n : at ihe v< >\ vt.^v area The 
< i o f o - > t p< , k SNR, i the voroob axis represents the > » toi ^ thai 
the SNR achieved for a ^ m! ternnrou * less than die value shown so the horizontal 

1M\ W P S\h S ^ »'» H i « P, * ^ «0 - » I > \N 

m > > < i \ < i n r!h 

greater sense. Thus, the PfSNR > ,vj lor iK hti reuse pattern *< greater than the 
fYMh i lh; t cslf oe peear 

« j x m > >c us d to ch s I 

i h s Mo- K «,a i \? 10 <t,> 

required to onset a moo; ,t >r * r ron > rate of 1 s h p for 99.99% of the hose, 
' s e fa e \„ i every c< I I the 

probability of not achieving the requrred porthrrnariee (ttc the outage probability) is 
aoprtoioo.Ueiy hTo. Sundarha ceil tense factors of three, than and seven correspond to 
can i ' iii s N ■> 1 , 5 11 , > >ii ; n <.«. 

10 JK ^ \ \ \ N c no t- noo ^ > , « »o x 5 , um » \ t , s v is 

iu <u o> ( l e%aripT 

i >H n *^ i <^ n )f v - ! ( ' M > - a ^ ' t Miv 
. h u>< I J! i x j n >.ohp|e' »vO,ki: o » < hi u 

S , h 1 v > >l'ii ! !»' ! i !ih ill 

» ' on h ^ o «< i\ m s\ " M\h OOF d i the *c«i»»«A\ 

with x b irasoanitiiiig a; Ml \ v }e < cases, the tennnnna are i> iws 
htNi it n I (s s i < i i - d, i ^ > i in sN- ' i f 't vti r 

i p v<. ! tL < ^! i i! I » I < ii M>1 

different SNR characlerlsrics and may be able h>ac rievs different !ev«U of performance 



14 

< o vt a a si e mro m \ ncv. i m »t «* ks htov w s 

n\ ■>> k ) i •> ! n ,. m v % j *. p j x \\ JV 

i if mypb b :t < i f ! 1 oeghc 

fo^j l I ) S 1 \ S SsS 5 >, 

f »|N 1 \ '<> <S i g^ < S^NM , i k, S. 

U'it!" <!» v I « r 1 ' " ^ - > 

particular average data rate at 1% 8ER or 0,01 % outage probability, or some other 
. enon these seronu i m reus 5 N may be employed k 

V< ! ! ^ < ! > \ \ I WMv 

<. % f I < ^ i! < > i s ' ! ^ >« ^ other 

e e I s - ? be employed ! provide the moarred peTibonance 

adaphvely * > m and abaesle the avakshie system resources to the cells based cm a 
number of factors such as, for example, the observed loading coodldoos, the system 

, mm v < e > > t S k< 

fraction of the total available system resources. The allocation may be ttreh that eaeh 

el? ea su eoasiy uk? 5 r> ot f < * m es, ii ? 

or necessary. As the system changes, the jeuse plan p be redefined to tehect chaages 

- , 1 < <■ ius s i ! >,.,', m 

very \ i i it i 

rcprurernci i ; 

j,^, % \ ' « » s » <■ K v >m * } 1 , , ^ ! 

a sei o ! * kii ■> ^sOsg diff«reftt performance f o ^ oe *som o r ' be 

r v m , < ! i i 'u Mil low 

> t s \ * * ?n< o o h v < < t for 

^ ^ <. si s ' > i > e t ) a>s 

dn'1'erern perfooramce levels may be obtained by * us dhifoem hack-off iaeiom tor 
the rhaoneis, as described below. 

p 40| v - =? <- i « o ou'«nJ s ?i 

tftmh.oal3' toieranee levels » s o-'^k , and e, s ' ■>erfo.ora!oee. Forexampba 
disadvemtaged k u firing hti < cm Imerfe; > s s * 

to ehaneeK xhti a;c aSieidsd m- u psokc >a (o e--ut;ast, adv^skecsd lem-i'scb ^sth 
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hnorahh ) 'i hi\rvdy 

shared en, <? have fee greater nrterierence levels associated, with their a-e 
Mi| FK1 01 ' is . dn j ar oi < ami M a -> <«'>u' *m> n i 

< n dr x 1 <■ o p uu ! i <. x ) hi fr\ > i da voeoo 

>. e-W" o h e en I ! as free ItM h.i •> i ^ m ?. * » fe m fit time, 

frequency, or code d en an or a u > m > , <> of these Tons, She horizontal axis m t \ 
si, e M i > N,,( < "S ; i 1 

v is i >> I ! < t j j * s ion R $ Itt hexed 

> * e 1 j i FDM-fra^el v 

Each of dse fractions is afro ifebned so herein as a "channel", and each channel is 
, n i s ■'■ >> ■ t h ; - h i > i 

\>41) < i < - < n <t o k t by 

t t < ! ! > e ! s i v - ■, e 

I o the channel sets I s««d set inclu j of fee 12 

>' i fe f t ti < t ' ' 1 1 V 

embodiment shown m FIG. 6C, each ceil is allocated m equal number of channels, with 
cob- 1 being ..fee-canal Jcmnfrt ! enough 4, cell 2 b my allocated channels S bdroagfr s 
i TlM!) i u < i > < . s 1 

may be <Ae a respective channel set that can include any cumber of channels, 
some of which may also be allocated to other cells. 

febqfe/;. sifegfrfrbfe^' 

\H4S\ > ' - r * i i h ! s t s i 

thO s s i e ! ' > < > ! > < v > u 

<} o >!in' eb.id loading it < s 1 h crrnit s te n U emu e 

11 fefe The feeding at the eeds affects the overall eer&rnmeee (e.g., throughput.) s 
the sysmot At loo loads, the available system resources may be divided into sets of 
fe>> hoge - vdokre oef x s r h< s» n i 

m ^ it e st« B« n < K t re o til m 

therms »,k fr <■ u^fi ( v > is is ■ o< ard fr 1 - fe * ■> fe 

schsevco As the load increases, the number of orthogonal channels in each set. may be 
m^ife «ior dd>T«j\ u, , v ?J V(k.!j 
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only dv i Vn 5 if 5 n- o > t - - ^ v 

ss<. a$e iHvtfcKncx s " * s r > 'n 1% rs iiK - ! 

; ! ills f UIMis 1 > ! v i 1 , of 

J * Wi t S i ! 1 f \ H 1' fe«*t 

loads, 

[1245] As the. load increases, the number of active terminals desiring data 
mslm poo! n > ch a ccd eoay select t 

< c Id; i $ 1 and o v-> ■ i < v * :C:u^ h.ah Mil , 

j d i i ) 5 s ] < i ! e k 

0 5 i > i i > i -e <■ <; < 1 a 

s b tl ! ? ( r d nd terminals terminals » h 

< t s ii ;> ^ 1 > W , - I e I >. vh j i * 

de exploded so n ° terminals and assigning channels to achieve tight reuse u < 

c n ? ? < < . 3 ^ > ' > leranee I 

interference may be assigned to channels having % greater dkedhond of receiving high 
niteferenee levels. 

,1'M PI v » ] u «n t < <^ 1 

<j s * i 5 i ' < > * 5 > U 

( i idits< be p i I i sal opes it km i i 

the system. 

nil ^ * i s si 

.and <! < n > • o » v *• ! u -v < v J > * * .$> I ^ ! in a 

* > l o i - s t ; f < < n; 

^ > I v * ! i o s ! < ( h > > 1 ud > n s 

determined and an interference cdameieraadon may be developed. < interference 
< , ^ rvs * « a n n ^ <. \ * f! 

i i i i . i i •> i n The 

i" m > , i n' o» ^ ib < o s-rs 'n r f \ i | s i ; f , Is < K u >. < e- ' ^ 
now cells arid terminals, and to reflect changes in the system. 

112481 K i i i ; i < >< s< dv < , v hi < , , t f i t 

a| e> yystem eonsirairn <^ do hons - nep f 1 i'hg . s p e e«< «} 

vaxions components such as a partieuhn reuse factor N,^ and a p^rtn ike reuse cell 

l,'\i M„U. - dO f OU'\. >0 Jl f> i Uti'Sl uiof H ^ 

a deed. o. 7-eoih or * u reuse pattern or cluster. The selection of the reuse 



HOUts>-H^- 



S'i T i ss>s 



6? 

factor and me design of she reuse eel? layout may be achieved based on the data 

,od<c f J i svi< "R> i> \ " < \ iJ Ho T> v pr»*\ Otr a 
- s.me> >i cpeta* > i ;ten 

0 h , lh ' j.! d | j I ^ ^ i" s * v o 

t < n^num 'i ha ^ Htsw ^ 

b > < ! i N " > > V. so ,M x 

.O 1 1> based on the reuse plan hi * stop 7:2. The available channels are iheo 

i ! ! , * t ! i t i > ' s o :v o 

ft hi 1 > < I M U I if i » >' > t H i 0 ,B<> h !» 

Hi o t ! H ! t , 1 Vh 

§ J 25th \t 3< > s d > < f N map 

f 5 s< 5 i f i f i v i MS S t *\ 

associated wife the allocated channel.?, die back-oil factor limits, the step sizes for 
adj astro-eats to the hack-oil factors, and others,. The back-off factors c< * o the 

<• kit s > i v i I i ( ' i m > - i > 

h ribes > > * V 1 * ! 

ruio I ( <h % ' 0 , !. < !^ e tin s 

1 v ^ s < < i KMOUid i f iod d 
Jo n 0*0 o ^ t i * « ! 1 ! » < i or i 

the ! > < v ^' hul d.u >?<tt < r iO Such 

0 ! > < < < n n H n i > u 

, Ol < > < ! ! > J < i S t t < 

! ;r is < v. ^ in, $>t 0 : 

?\ jo is « om o&cfe scheduled tenfttnal tfi etch u\n J.d ir> t\xH ceU ma\ dek nm sd 
Based i computet ? f the aves hn i hp he 

! > | < ! S 5 h 1 ( < > , V I 

11^ i> O ^ > , I . > ' i « > i 0 'vk! 

h ct t 'ii >. u ? 5 si u ^ Htb 

sysrem issfoooeavo > f ; o ■> " < >i 

1 eo - oo et, " < Oi s J < t o t , s s i «<■>-< ! 
o j o.ju' or>i ^ xo the decoct t\" n om t , a 
The redefined rcose plan may orchids changes to various opershng pajseoeters, md may 
even « > » - * N n For 
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plf 5 >r a i \ v\ '\ 1 - "\ 

> < - * ceil k v , ? thj •> s i » ! v \ twt I 

fo< stem go as a M r m o 1 igat ^Hj f ! o yh 

! ! i !t f s U IZt < ! K ,! •> > O ! K 

ares), s j s j \ i *. n j <■ » s 

operational, 

If foe awem oe b sotm ol > ?^ n ! 1 > 5 

HS < U A < T5i ' . f hU C t - x Sax > gO< }\ 0| 

720, Mi I '■ hs - o 

<S> 1 i ' i > ! 1 ! V * 1 

11254} Fh process, shown in FIG. 7 may be performed t «r u iu U \ or whenever 

ton s ? ^ 5 t f 5 ^ f i > ? 

grows or changes, eg,, ax oevv cells and term cash are added aad aa examog cells aod 
v a >- k u i >< f n I ,r - n < hs t v.! o u i hoi^s 

amp] ' i > N > > I N ^ 

2* Fewg-r Backnalf 

|12S5 s foveotkm > ! mre may be 

i I ) 1 b) the syst< a sad that as the bad focov. » . >l 

perfonr.U5.nce ;s achieved oaiog die channels a large pereeafage of jh lane, for e 
> „ t i s a e m.c, > , c k 0O',in,!, . m a ■; a«a e ^ oth s ceb n ^b 

! < > ^ n < P > » 1u i n < 1 -a > * a 15 

s < ! ! i i uej ■> ■> i r s aj5 

may be realized, 

|P^S » ^"i^u. .0'iti uWiH'l 1 l\t'l j hv 

i 1 S < ! f i ? S ? J I h < I j 

c ";\" ul > i i ^ ^ i f v iv< f a n( > y> ^ en ^ fi, <«< I- of 

foeH>r fcr each allocated chaaae! mdicates foe maxrouno percemage of n . i «) 
tu lar^iU'kJl >l v, ! i > i t 5 r i b a < > 

< i, * a«- <. i p in i iniM^ie . -> v ' - i < 

< si, o , i" ' i > > f > i> po al ir„ "Mt i <v, 5 s a" 

lactora resolt m e'hao.o.cls capable > s d > perlerroaoce leveie 
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{ 1 The back-off from fail tr&nsrou n^wa-s ma; >--> N ipphcd to one or mors 

I C <. > 1 i > v < < i 1 •> i s ii ? ! st ^ U tU v \ ^ 

umvu< < i i < { : 1 to OK - ? 1 k ! s N 

selected terminals m ths cel.!. in -m embodiment, each cc'0 applies a back-off for each 
h< < 1 sv- f . > w > > o s s ) >.!i e s\s i bn t-- *• ,\ ^ K ^ 
based an foe operating e at i s of foe cell such m foe desired performance is 

<■ hd > n 1 i n 

»1 » ! u <■ H > , v A no, , 

b S 5 <'i: ! i > : < S ,1 U <i h > b t ■ 1 „,< .'i'W- V? 50. U C 

che I i ! <. i 1 f l S N N 1 N < 

i i \ « 1 ■) i k < ^ i. ! Oil- d( UHf 

^ n > S < t f ( s „ s , (. „ V v. 5 

back -off fociors may change dynamically and/or adaphvely based m s for example, the 

,K 1 > i 1 i ! 

2SPJ i rs i 

831 C v ^ fob ! ! , ! 

K i »n i * vU ! \ on < i 

> in o id ! c( v a rnn.de 

sdaptively aadfot dynamically, e.g., time-of clay dependent 

|Ood % = ^ I i < i U i m > r m » 

i 1 O ^ 1 ' , i HI i < , > Ol (i 

II o tltei itniii I isiL , i < i h 

? - s m i -> i ,i a \ tod 

in \ ! < > ' t i made On foe doivfomfe ifo mterterorae level depends on the : > 
> m a I ^ f i ■ i s fo o'Oiii . \ ! ib ^ lo \o rv~> foe 
i i \ 1 i i i i i i i -ii 

ru i I i< k he pad's losses born ubest 

i < \ ' ^ i t P> m?Oi ! <. k x i b 

teoooo- Ok m^cona-es^ bii-.e. :ce,-< v :;: s: cells or >a-rni:;ubs .na n-.-naonutrng md 
foeir power levels. 

| A number of assumptions oiay be made to sariplby the interference 
\rsc ;on>TtOi \u>\ ^>i;Ku?^ ? i\ bent, t 

be assumed to be operating at full power. On the uplink, one tem>mal in each cell may 
be allowed i tra«smd o each J alloealed to the » J fo which case the worst- 
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1 <> I < <M f 111 f >V-« » 

Vn^> c 5 -.Ku ) n d s" o eh s 

values fo the rt ab in ex i Dm - oMccxn <. v < i.o 

N K 1 Oi t ..I 

IT N To i i\ >5 u ? '»>s »n t Is »b o t eel! 

;n 5 s c 1 > ^ > v. \n ; >> ' i i < < k 

! s v based on the n * an categorization. Using the example SN'R } , i« 
\i s to k< \ the population of \ K amy be categonzed ' i wuh each 
o * m si c f i x i r within 

a range of values). As m exarnpte> fee CDF sknvo m FIG. 6.8 cm fee partitioned into 
y i t ^tv >Afee:e \ >h <s la i l e ran, be m gi - o d >»\ta\! n ; .ed H> van ma% fee 

1 § <>, e k < .! s. \ 1 

hi » s i , < <> x ' 1 na> i 

f I T : >? ; t ten * i s 1 \ f T v. 

> m v x i ! > ! i i v 3 2 

u ms sets ami each set is eepmi m si>te, each set nv > R approximately 8.3% of the 
terminals in the esfi. The first set includes termmTs having SNRs of " OS or jess, the 

I - W ! - t l « Ml I i 

mchKlee temimafs having SNRs ranging * 1 3 dB to 1 5 1 and so * it and the last 
set ! terminals ha ving SNRs greater t 54.5 > 



Table 3 



Set 


V wi )' SN'R. 


(dB) 




! 


<i.O 


< -5: 


\ mm 




i ■ 




| ■ I,-::- 




1.1 




s 0000 




IS 


0 


1.0000 




17 








is.s 


3,5 


0.446? 




20.5 


to 




■ 






0 .197.5 
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'i 









0 ! >59 


'■• 




n 


0 0794 






: ■ ■ 


His 


12 


* 54 5 


> ) 9 5 


; 



M cm > > ■> op =t lira*: 

point), which is the mi required SNR in order to operate a* a desoed data rare 
vvith < x s > \ 1 - i ^ o oUp-uti > \U" 

i < ! <■ i i,!hS n O I. s V ! ^ ^ *i tO 

< \< \ Ui j V I ! ! I 'A lM 0< ><! f h a! 1 

terminals in ehe ceil. 

Zt>^ U „ > h . i 

computed as: 

- m^lSNRU)} ~ :>' s , &r>? - 1, 2,..., . Eq (60) 

51266! The rnnbrnaro a n n <■ > » > ' each set of terminals is < difference 
et > > < s The 

ininnnnm hnk margin <(r?) represents die deviation toss the reqaired transmit power to 
the ' »i based on the assumption of kn\ t i o < power from all terminals in the 

\ < ^ iil I i l .1 \ x P • >, U (. -s to 

achieve the desired level of performance defined by die seipmra Thus, the transom 
power of these temimds \ he reduced (i.e., baeked-ofO by the amoisn proportional 
to their \ mergo; and ! provide die Pesoed level > n> 
Um I > h < I tact rs v > ! » x t e; \ derived based os know! t j 
oi < t o v vet 5 Is am ! I hanu tion of Xh 

vf v! s \ J t sn s x 1 i > ! i w 5 hen ! a 

1 1 ' I \ S ! ' ! 1 

>Vm ~ m piM 1 , forn L : A - Eq sob 

1 1 268| The iaA ot mesof associated wed? , t , i< 1 mi i m \'> ibe 
reduction in the transmit power that can he applied to that set of terminals vvh.de still 
o:,.cer.ewra: the desired setnoini • , and dsns m< desired k\ e " perfomtance. 'f'he 



WO 03/04 rm i'i M-><Oi5 ! M 

srssfH pewc? n < 1 - *r oh m *coa\o noma 

d\\ ^ lu'l i U POp U -> i ' tu'i^5\ ^ U l\M!l> x 

she ootuU \ k < k Ss i\ on o\h<i terminals s ed 

tth&ttf m\ hpe the periomaa - * - n 

[I i* '*t fable 3 hsts ihe minimum hnk nai tm ;(.m (in ■ - iuron w ax! the back -of! 

tin column 4 ? v r t \ \ t \ in 

f< >, ^ oamnds I >~ > ah -* J o - *>a; i\ f db -* mOee-, men mnmp,h 
12 he\. f- % > o< te , \ e \ - * s u o\ o , a* \i v ' --f 4 .are 

\ > * ' > ? M S > ! 1 i ! i\ ! lC 

1 X K U MU I V? « I < ! <, K -O K J lb i, >t v nK dB 

I ! i ! f v v n n R 

terminals may be backed off to 63,1% of peak transmit power. 

Mi >f ; vn ! \. vi > > i >< in p >m e u , cue oi 

> > f ! t b I ! m«b ma/ bt 
a> ! < i v <- b i > > v i , v 1 t sNt -V < k 

terminals or ceils tot cause the low SKR may be requested > f n s o reduce their 
m»«mit power o to stop Oousmhnog on lias affected channels nam the low SNR 
.m are- srnesfactoniy served, 

|I271 i 5 > t s c termined \ < l f i 

reuse ccntera, tin back-oh meters for 1 ccih m die i > pattern t be m 
Formampk m N (i I 1 em! 

^ is * K » * > J i \ , { so 

modulo -k. t . end the back-off factors for cell 3 can be offset by eight m;xtulo-N c ». For 

- r) i in j !i x n i \ i o \> 1 n 1 1 k i set 1 

^) In Ji k > ! 1 1 * * ? sk <M! f\ S s m 

! i 1 i ■> * ! s si id 

Includes the cdaiiueis and beck-on factors shown in hie fourth column in Id 3 but 

C 1 s S > t ^ i, > s1 s ! i t 11 iC> < it 

c;ito?i .e exited vub ck-ane; scr ^ t^Ueh mcie-ka the cb cuvcle <uai :< e^ -d~s dn'tOis 
vomidi^ i. >"tu n > mu s hm , > e , m > s ( < s < i 1 

> $o A * < )i u i offset is empk:>yed in this example but other offsets ruey also 1 
nsed. 
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1 < ! J ^ > v\ . 1 V S i 0 S i 1 I » ! 

channel .5 of set 1, 



Table 4 



; Channel, n 


s'--;: 


Cell 2 


Cell 3 


j 


00000 


0,1259 




j 


1,0000 


0.0794 


0.446? 




1 000* ? 


0 0.155 


0.28 IS 




1 OiV^ 


o.o n 2 


0.1995 




0.6310 


l.OOOo 


0.1 259 


6 


0.4467 


1 ««.fM 


0.0794 




U 2>. t 


1.0000 


. 


8 


O.J 995 


1 


0.0! 12 


9 


0 1259 


0.0310 


] ■ 


10 


0.0794 


0 446 ? 




n 


0.0355 


022S18 


1 .0000 




0.01 12 


0,1 90S 


1 .0000 



11273] M s ! u i 4kx sva 

> <. 1 < >!! i 1 1 axe 

asssgm-d o chanm-h 1 5- «h 4. \ ihi <. in i 1 2 v. a^sigricd to channels 5 

I » * 1 * < f 1 , 1 ! * 

i s v ■? i i > ml 1 ; h 

H v ~ h i » f » > is jba r 

h > >! •• '< •-. V S : i V hnl 

' 5 K i. ! 5i > ^ O 1 <. t <. 0 

■> 4 t > ^ >r s h- >J b •> v i k n ? p On iuOi O.i > < 
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i ( > ' on < i h\<$,K\ mto e f t ■> e < x < ! , \iMi(.it 

load m each of the adjacent ends 

■n&rgm observed by i ! „ m ix n me - v. o M back-off factors ahmen in Table 4 
i. * < ! i'^^.-.u: si > i Mi <^ i , i s , 

5 > < U h i ! i > < * v i < i i f < S s vOv ■)> - x "> 

she k.o ^ab e cv; ^ I ore ! Uh f m <U>\ !v rdm-m Howies, 

when the back-el! factors arc applied a;- an- whh a staggered channel reuse scheme as 

v!i i b <- " ~- ! > v III \l 

* -i -x \ N v >« h< ! 1 v ( t N iM Ok 

iS L i*. " v f U ! x 1 i s *, !\ 

back-off factors, 

|i * M \ . ! i! 5 x > t I , 

above.. For example, > > > s a * * of lemn'nstls, i < s amdm base season 

placement, varied terrain and morphology, aod so on, a eootnbom to variations m the 
sx\ 1 s < i cl > > * ila c<U ) 

IK m > I > that 

0 x * s ^ <. 5 > am a (! a i re < 
mmhermom tin nummaK in each cell typically observe interference levels that are 

1 > i in other cells. Thus, more computations 

! <• > I 1 ! ! i < i <. S > 

across the cells in the system. 

v : % 5 vK\ \ s ! i > 1 «i , , ,„ \ A 

be modulo-eluded versmns of the back-off factors for ether cells m the reuse cluster. 
b'\. *x ,exi>f e 1 „ io.K ,J< v'nJi \io\ ,> 

! -.^ mn s s iko.< , < c se?| m . deocd io 

kJ x » ! e x , i x - >,»^ 1 s • » a m*g OHNmrnh iMvk 

s K ^ ! S ! d- > 

t X * V 1 X > \ , m i U ! ! t ( 

x ^ i .x x! v „ n x ( j o* ! in s ! \ 

i signee of the present appli md incoi u 
referetice. 

1 1277) A number of different schemes may be used :o demrmam the back -of? 

" " ! ^ x^ i > ii vi! \ > i am * \ H tic ! m ^ 
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*• •< o' t" v» ^ ' v e»t slab 

t < i > m h i >! K ^ n >■> a ; 

> n i , i v ! ! n > v it i 1 v\ um !b 

i a v -sHk - - v> ,s ? is v ^ -> s 

<s, mtio y be «si o dels « a < ck * factors «a 

> H ' i i) < ^ „ j < ( , , N S t - v. 5 

Ileal! U Sees, t? i vol back-off faclors 

c^^v'iihvV.^f'lM/v m u u> e em duo i * mid-"mg >vds 

la some eiobodrmeutm a subset of the allocated chaauels- in a cell may be 
provided w-th some ferni of '"'proteerionT The protection amy be achieved, for 
m.aoreT. o\ te^mae no < s sm >. ic - a.- me 5 vm « ■ w^uo h 

j )tfi Is Ti >x ^ I IV i>m\ v mn iK-K k is d > < m< sPa <nh »h * 
retired, and only a the extent required to satisfy disadvantaged ^><1 The 
s i 5 o >i i n t a ! > e\ n pi 

i sf 11 iv ^ > 1 f) < 

The > ; ^ < nasmiss 1 -v 

i , > i i j * i 1 ' v << < r 

I ,oA k *v l n \sT!:,i < ' \e «h - > 1 ^ -wi\e 

^ fr her termi < > cells 1 ? she elianee: proosvnon 

may be removed once die disadvantaged kaminad are served.. 

| 1 «* ?** j ! S ! i- S < < ' 

by k us a eh v < m > s \ si' t rmel vendition 

deteriorate to aa unacceptable level (e.g., If die FER is above a census percentage, or die 
i > s v i i 1 ! 1 i the 

s ^ v ' oppose blocksre, ( >< ionmrK dunmrte 

until ,s i > o b s ^ » U a • > m ] that 

00 «m 5 e )i \ chieved 
1 T-:dj The „ <mrt. psokxnm; < d t < k < * » o be ><. , > co *m * and/or 
lap* ? !<N v s > t 1 t c 1 

{.I28IJ Adaptive reuse asxl power back -off for dee downlink aad uplink are 
v. . I vc ted n • t'jijj i n ' e v» u'o ai \ v^, > < 

Sena! N 539,15? and hj US. Paten! Application S No. 09/848 dded 
a ? •>!!<- 5 M \ sf o \ o a \ 
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application 5i us > hereto by rehonnee. 

V, Scfeedottag 

s ~ ! hUmg s.hune\ ) \ 

i i ' ius jo !> uf < ^ * i i. i ^ s < 

Sionhtsoeoos 5 transnntrsroos 015 these channels are supported. A scheduler cast 

< J i , i f < ( 4. ^ v. 0* V "l 5 X 

( \ 1 ! > ' , < f i !«Sj-,v] MjDK .ti By 

exploiting onhh-user diversity, the scheduler can find combinations of footitiiahy 

For a M1MO system, by espkotfog the < 4* 1 signatures" (and possibly the frequency 
i i i so* ! so esoomte tho 

average system ^ s it s aiso be increased. 

im* nrtm ? nay b? scheduled for dan rransmieta base » u 

factors.. One set of factors may relate to system constraints and requirements such as the 
v V - < - « 1-0 Some 

OS. > s > ', 

so 4 i i fi j s 

v ' 0"^ > < * < ii i 1 'isrJn'vn niv. 

other sod 1 1 i j! funher netai 

below, 

- < . i,h < f ■> > s 

U ! 1 1 4.5 i 1 )0 i 

jf^ v < i is > 04 0 i->< < if 1 i>n 1 ,^ i<fm 

! < o,d - 1 1 v. 0 " ' ■> 

> < v ) * <> \ >N < ^ S 

tcroiinsts in the ' for dais trsrs»trnsreoo. The ceils then , '.u < 0 1 for data 
o . '..jUhj.'yl' ni'ru i\i ^ s < <.<, \ s < 

ed f< ! i u r 1 s 1 i > os S a I e 

1 0 ->s"i <. 50 \i ti ^ * t- KrJ M ^ d ( c i< d 

schedule their sws transmissions and ;t central scheduler schedules frtmstrossfons for a 
set of cells. 



77 , 

s ni» on' U * * s ^ >< > ^^^n;- w? s u , Is t 
MJMO modes and mixed >dcs are a to lhat 



[128?| Various factors may be considered in scheduling termsaais for date 
h,a> uisv 0 ^ura- . s s k ,.!! ^>L IK« ihi iTuhn. J 

, (2} the priorities assigned to active terminals, (3) « 



i ! ^ "> Pis, ot 



'• Is dtvnKO bt « ^ J. v^.f t «mU N ree<<ue.xd U.u 

utlKuehamu »a>,» < 1 » ouh invention 

1289J fhe channel \ * « >!<*><.* re 

such - * te-rt30< ? lo v !l e a ad ^ 1 5- , \ i>n v><e wMi *• 

{3} the back-off foctors, and. possibly others. In an 

for acu Icfined as 



be {62} 



is the backed fector associated a chanmb « of cell m, With 0< fi < 1 

used m coll m); 
/b i5 (b) is the maximum transmit power for terminal b 
edbbu < ^ ' ^ between bm t \> k and eel! ^ 

/{.n is a hmeooti be describes Oe goodness" of the argument u where % k 



M 

k i t mo m i t o turn < e / ,»>» rup r i 

1 i 5 p ! 'i S 1U ) ! i f {I i H \ S IV. ! V 

Oil'Kl I s > 1 t > >. \ * > ^ i 

5 s $ t \ u? ^! i ' . ^ «i 1 the 

mmrienim mnumai i vomroj v ! And ihc »)U cell * defuom^ 

iTO ! < ! i!i ' | < t£ SO 1 ^ i X Ce ! >v ' I 

m < \hu-ci a-njixiuii"!) <.>! t miur-caH interference, «' 'm ^ 'vnt dh not 

< i >? 0 i I ! » it ' > 1 v r ! \ » - « <tOk 

(e.g., these t t m < are teng scheduled and assigned by other ceils 35 approximately 

h i . n r ^ H m Ui 5 )f s it 

u . rati (e iked ;is o m - . 1 1 ' « > * 

' « 1 t 1 i i > l e^ \ , . ^ <r< k I 

1 - < < m< f ! > >. s . n > oi t (f ivfu\ m 

j! ! t t u i ! ( ! for 

>, ii'i >me s < C 4 (?-'$ f^mivedl i -' > k h\ channel 

> vj < r 1 > s » c > 

(plus thermal and other background noise). Thus, the otto-cell rmertere.eec may be 
estimated m: 

>s *' i 0 1 i urn 1 < ih it 

r I k> u.. ' > - v . < * < i-<- 1 <> » i fit> -s m > n 

mterwu to foro 1 s t >n of tl I i interference for each cha A» 
^ v s t „ > 4 t <«i i > f > < * 

the > thor- 0 ! interference IJm in equation (62), 

[1292| V&rious functions /(a) may be used for die channel metric- h\ one 

' usuvkI outr e t„ n u > f \ <c.fh ^ o > » v 4 -> >> 
k 1 cell mm ha ne i b another cmtxx > s> h > 0 m w n 

e ms> 0 bly sustained at SM ? 'so 

0 v isedfor? e channel oes c < H wit 1 the scope t he nti 
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112931 The change! .metric djn f k) may be used to schedule tenmnals for dais 

! n 5 i " t p ^jJ'tie >, ii-ss ! ! * ! > v > ' 

assigning channels, the channel metne may be computed an each active terminal for 
each » Dim <. ' - 1 s U ' a 5 foj <■ 

n 1 pi < ! \ m ^ ^ 

? i i i VC ' I M S \ ^ s t 

> < f or example, i ; 5 nmtj j , p? 

s j > > > i a a > n < v v » ba 
charme! to assign to the tcrmsna! 

H 194 fhe < s > « ! fi < , v t n 

>i v ? es m J ( i - s > ^ m tm p «• h 

from I ih s i> i in i > is.r h s * I * * jU 

The value of djn.k:) may be averaged over * time period to improve accuracy, 

i ' f S 1 > >? s s kcU m i uir J i i s e hm i 
both signal and imerferen.ee. changes- <u the kamooo of mtertcsc; <e somes ca«sam 

the inter! § a track 

t > ,>!><',*> Uii t i < 't ,,,■>- 

Snck 0)t tactojN may be selected to provide some margins, and the data rates may also 
be adapted based on changes m the operating conditions. 

1-°^ f "m ! fa i o , * h i eri 

V O ! J > o t i ) ! t ? 1 K 

lower priority terminals. Frioritixation typically reschs f a simpler ierrmna! scheduling 
ami: ! , ? i •» * s i > 1 < is >« tv of 

- s — , a - 1 < 1 >d , h J 

pra ritfeed I a al en s as b < , >r < t,» thi ae m 

(t> i h<^e\|sri ^ t i> n s 5 ! <i>,n si o >\ U mcriaj,j^ d -j a< 
below 

I12M] hi oae mammal s ; i scheom. mammals aae prioritised based on dm?; 

v ' t a i t I thi chen o.s -Mi} c I i cti ran 

be s, i-di >d tor oata mmamriMon A celt mm m." h n seorrs ;ov the achx-e 
i » a > < i t I hs mi d i \ix i me) oi emnaa m t 
smm.ai he < ! miMi " vt!t' 4 r< o < ar am The 



i t \ ? r s t * { ! x v v ! i x 

system. 

\1>V l h >i! < V,< j < n „ OK < m , v J < , n «0i ; . 1 ' 

) <a ! >;*< I ? j i <. - j< > i > f > J x > for 

o-ui i 'V at smitk - oiri \! ^ ^ <p » ae> J a . ^ s > ;?bpu , a a >w> be 
expressed as: 



> i * f data rate for * s n a ' frame / {in xsnit of bits/frame), and 
o: ( , and a, are bme coostaats for the exponential averagtog. 
Typically, r*(*} is bounded by a particular t n > achievable data rate, < ^ <%«d a 
o i u « s i s ! i ! i n to ^ 

For exao j i . bod 

0.5, than the current data rate 'O-i given equal weight as the score \S P fmro the 
prk ! . * i * j ! 'id h h 

nomadized average throughput of the leoraoah 

s lata rat; • > i u\r > , 1 draabk (is '• naul i data ran for 
v s, » > , ? ^ , ' ; > < b . 5 i ! a x K u\ 



a < i cap^edy 

K (i) may ado be -he actual, data rate to he assigned e-> die cuxxmi sehedtdmg period, or 

! < ! \ the 

' > s s * i * <. ! i i k as described below. 



id Ob- « r <bd-l;-<:codV/-o 



Eq (64) 



bq (b5) 



i ' > ' t 



II 

|1299| la moth t ^civ t * a u v fJ I i ; * < } $m- ? Is 

. > ! i > ?i ,u ! t » 33 • s t ^ i^uii*» 

<e\aressed as; 

^i.s ~ . Eq (66) 

h < 3 i ;! ! > ! i ki all ifro [ « ' u > v 3 ^ d Ox 

svcti^jhe ku>Iv of frames {e.g., over the I , *\ 10 frames) and used, as fee score, 

rmos to i i << f i < < » M > ' 

wfthot the scope of the present Invent vote 

P i ! ' id- i iO v . iv vl 

thereafter updated m each frame. Whenever a terminal as not scheduled lot 
t , i - < « hi s f< i sdioa-n»(!.t p 1 f.» } aH $ its 

\< ( ^ i i k< hsn t,h< 

tenyaaahs effective data rate fer that frame may be set to zero. The It*, error may not 
be <- a i - ea 1 o > 

! 1 > \ Ot Ok M UN < > y> o < ifj}(« 

3d n 1 ,<o ii I 1 i ife'l 

M ' * } A scheduler easy use me scores to pnonhee t is for sebedahng end/or 
ehaaeel. n ,t fk tu a specs fie 1 « * ' ^ the set of active tenohi3.fr i praefrseed 
v f ' a he < n»e a,' s- n < 'I < J e , n a a, 5 it 

*at % the highest score at assigned the lowest priority-, The scheduling 
n i < i mm i l vuitM r 

< r n s. > m j ! < ! t 3 < > < u t 

1 •> i 1 t x i > i e J s 3 ' , s 3 l! 

prtonttetv. 

\IM2\ <. N > > 1 - i < . > 

i rt< is inch < s ^ r< k * > \M t « 

! s \| < s i sd s a » <• ( ; 

!>i eJs 3 Uv!i tmex i * i i U > 3 3 , , < v 

a- of d > eh ih tvpe ot ehus se^ees being offered, and so eo A 

1 ! 0 ! i , A i 0 t! v v 3 3 3 It? i 3,1 a 1 

hse ta aci a ^ t^ is o> «t u *. it 
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? J ' i i ' 1 S>5 S , | £ JvV!!-J A i 

Hs % U < S v"' *> x 

data), .if m ^ > a . ^ v N <? * 

av * «i« U ^ < f »' 

«! »t !v , - »K V* I C£ X > x x ^ 

goals being opoou^ed. As urx example, o> optoraee the average throughput of the cell 

i i «. u s i < > ! > n * "i V v 

\ \4\ n >i s ! ' > , s > n> 

; o 'u x ^ \ > << e x^ x »i - The 

i urn n , n i - ;! ! > < < - o 

^.hsen i nmo nut ) * &\ t! > * ! > i 

|1305] : >r she terminal pnomuation scheme described above, the allocation of 
osous » e ussotit ratjo scores In this case he «l 

iPi.i! x < v- u ? nu > v 3 

modified score #,0") > ^har can o s>;presvxl as: 

v\to 4,t*> ttu\^(ni ■ Bo. (67) 

I DC*) The resources allocated jo a particular terminal may then be based on their 
o^difad %oos her ^ ample, s none. ml 1 Jus a score Owt is twice thai of temanal 2, 
men the scheduler allocate a channel (or a somber of channels) having the capacity 
n p i »* it, a o i z%.o no t un >»w o > such 

. h^uK.iO £ H, i5 !ahkM -\v , foroesv e> s *\ r en the. seheoaskr may attempt to 
i , * , s vat Omer hmn i? oa> it a be 
msoosed and are within t . scope of the .0. 
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( J x ! v! 1 1 t } itliiVli 

) < < r < %i km , t a*'d > s > i Je v» a vn 

n , « sh ! »> ; * S > i > > <aa ^ s » > 0 

J i ' ' hi < '< 3 !! ' ' X Si si \ ? O h'OiUdOm 

s w 1 n h pat f ' f s I i st k.noft 

setpomta tor the different \ m ^ modes \ e 1 associated data rales. Si allocating 
t a fid ' i « . f 5 m o 5 % f ) ,0! ,ei 

to sap] i us rate and o| node, O «« he- pow$ 

s n u s<s 1 e > > > > m i - f .< " - - < 

u a > <d < i terminals either exebeshy or impliedly (e.m, by asMgotng a specific 

\\ W>\ * 1 > < ; > . i i pK - hi v. $< 1 ik 

a ? < ( :! 1 This 

( > o t i iu s , a tsu 

<> u > n > > s sxed on t > , 1 e > „ < 

- - « w m v <^ ^ ^ < in.tw os ' - as 

interval may ha limited by the « timber of available channels, f or example,, up to N c ; ; 
terminals per cell may "be scheduled for i o <s - >. art the \ t, available chaanefe.. 

|IM«*i 'Mi s ! ' 

810. These pammetem may include die back-off factasm the interference 
haracier dam hie < for ih< i md pass tl ■ *arame$ f 

k>\ h iiNcd'.oae rmme Ibe endrmd metrics to ihe tenmnala. a^ desc vdnh 1 

|nU| Hum at < s - . < ranked, w\ step $12 Central! nh 
ii , , i < 1 ( f c h'h i i * t 

s j i ! i ! t ^ m i f > v i 1 n a ^ 

ay <( i fiii! i' tt-Mti > , i < . >< < ' ) > a i- 

facaars sac'a aa the average . a <^> > m>K al ;aal so < The a > ke-ninah are 

then i ad d aecoadrigly based on if-') a-- ae\ Iron's highest prsenfv U> lowest 

nticdty, 

iial2l Ih t\aa, ; 'ye 1 r * 1 dMm a^ aa;ad j C the aeU\e t i» .n ^p M 4 
F v. 1 t ^•■'v\ i op< x< t (! * 1 ,\ ,i\t o* * ^ s s i 

chaaael osetrios may be computed for each terneoal for each available channel based on 
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the) Any number o cs may be esed eh ss hs om 

( <. q i s ss i N * " k ■o~-- >v a Ki \ v ' 1 

t a 1 < | in m * - h < i < s . <v > k \ J V o S 

ahatmei assoeymaeoi sebernes, someof whkb are described below, 
|B13| A channel >s >< > > ri may ed a speebm ehatxoei assigned t data 
u > s ,i f - i i * i x ! m ' K ^ 5 ■ .d >° * ^ !\-- - > * ' ; * i be 
1 'ah < i s v. d v e d 

mas ion u ; ! ' ! i ! < v ut ^ 

i.be ;:mm icd us m Vaeroouned the coding and inoduluuon Kbcmc m;\> be 

es>vo h <. <. 1 > o i 

i < it o a \ t x i i \ vi n 

step 816. Tbe system parameters to be updated may .include, for example, adjustments 

1 l } a . S v . es- 

born < v ml n> m i v >}> i v. - 1 1 ; v * f > 

a- n 

IM51 , i n ^ 5 < * !!• d i I ib 

i ! - ! m<* t > m ^ , fin'tioti u 

estimated used tbr a tuier- im m; joo interval socb e *h< imedbfencfc observed 
on ; sdv s vbi! i iM eat 

c of me cell 

ttaesraisssoo noervat has occurred- if * answer is yea, s the process < m > to step 
sod e < v v. ' > x l s < ! a ! x P >i < v! , i 

process nt at step Had. Some of these steps are described m m x < debd below. 
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ii i ' Cfe J is t l S k vS 

< s v d channel 

. > « , h ^ , i 1 v 1 iJK *^ X't . ' N mhO!\> 

1 1 3 1? | ha a * ! 1 ' r -v < n 5 sm m is 

performed term hen at a tiro ? mnail mudcsed 

t , i l ^ « v O M 

0 5 1 ' ( > ' ' s < 

r>j t* of factom such as those described above. 
1 MM Sts S > . i i < ! n - v. , s \ N ^ \s 

based charms! assignment v, ^ n I > j K channel metric* are computed for the 
active k'rs-idK aed for die available ' 1 a - s, , at step cim Various - \eu 1 metrics 
may fee weed, such at those described above. The active terminals are then prioritized 
I \ s I ' ' s b i . - s - tl n > on t e 

a U X - < „S , < pU i a IK s > ^ ilN d 

chancei mstnes are then used to perform chancel assignment 

M t i i i > ( d i s * 

tercrmmls, asd is k „bl an available channel, at step S38. i'a oae embodiment, the 

channel w«h the best channel wetrie. f another embodiment* the selected i rni, 1 is 
assigned an available channel with die worst metric that t meets the <. nmd ^ 

ivwn s h v. \ a u si' - * * s s«. t it 1 is> \ 

b \ ! s i t > i ? r s s i i m 

j % \ t ! iJ dwok ^ t die 

termmalY mopime en % <e ., eue,c m eh? - < 
|I320| I he #y>tgr«?<1 > s s 

sttfP^-L \ letf^ ju s iM\ r k h s t v. >m v - 1 « 
§44, v the list o not empty, axe the p < N > i 

v ! m, e hoc Pi > v hv - v. v r 

x < U ve temti ive be s chaasels, ih ~ s 



m 

(iKU ^ u> ecmmmem? 0 i^,v s » k c h y U Inm; m» m* mn (e.g., 

'< s t u nj<i > v u J v x o > ,riit > Yimid ?imn<-m then the channsh are not 

>! ) 1s Os Is > ! b s t t 3 f 1 f <- > 

3 3 \ ? I t i L > m« H 1 5 3U? 1 f 0 fi 3 

i k. U S S it 33! ! * S UMSlil 1 )i> 0 

s ito m i removed Irani t of available channels. >e lis 

><> i < WkM 33^3 3? * 3 3 id < ! i ' 1( ht f(^8t.\gf l H ! 

3 3 ' 5i I 3 , >> i l 

\ i i i * 5 ! <. ! 5 * > \ 

over * < 1 - I v 

}\ {, d s i . < ! i > ! * s % t ^ v t 

be 3i i <- j to ;i level 1 ; satisfies the. rebuked level > > t n or v . the 
'r>' < mt r > 3 3- -c ' < < ---d t ; o ! s? > d , v ** v u> ?-\ s> < to the 
amoem of the link margin ;o '-educe mlerferemm in the systme The increased date rate 
o ! - <\ ) >> t oe < ! - ^ soti>!OMpu I i the 

I < - M\ . fhw < nuv iho < t« o d > 

each scheduled termmai hy h t of Ik data rate ) j. r «. \ <. factor baaed on 

its chanted assignment. 

|d:«3) 3 ten 1 s . h > let » « * \ f . ? desired data 
rate. ; . then (I) the ten-foea! may he scheduled to transom at s reduced date rate 

s > -i m > e t d > s < i 

transmission interval (^blanking' m which ease the cheese? may he made available to 
a i lv * s- > e \ h 3 it o* > I of a 

3 *\ 3i i i ^ -> j 'i ? fo . \ 

u!k x e > e I r u , 

\tyi4} In a ecmmd .» t s m < e i if rmartd o re, >>fo 

i ' r ! \i km \ w m K k .h i ,\s 23 it vt tt s i,h 

>k M I 3 ( i i ( i S 

! . bar t-K e 1 t Ttm » ^ i - t ■> ■-><. t -e-%e?i3 - < m< c J; be 

v, ! I m i, > ^ <>,<. s a eei i I 3< 

-<■ s. r .sll ee> >e ^ - ? i ? inn t ^h i em } r 

data me c <. it 1 n rednefcd tvambct of available i nah 

i ' i ! » i •> <. b ' f h i >*< 

impiemesited similar to that shown for the priootv -based chann&l e.mlgn.iiicn? scheme in 
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IG SB h 5 icenih < mc t <?a htenc ui - k cd .uI^ikIa . x x - s 
5 v lx>l with the ^om twine hnstd ,v a :< uet\ ; t. a?s 

Is another •.•mK>J$tn*i-b she pra-rase-. oi no o.:nvi-Us may be modubed such th&i 
t n with larger payleads are > s > v for assignment earlier. Namervaa; other 

f ?! d N|m M i hiO * i 

h a abac i aslant ui \wth appealc a hee .> -ho *;ne ti\ ^oruib are 
i ? i ! fk f. u i v > ! w < \ 

shi 1 ( j t (? 1 hoc > <■ l 1 v. a i 

t >> „ - ilu vt v I in se^x i! ' < i ^ h s iv K 

t s ). i h * lit ' i i i v n i. I 

are saved for lower priority tennraah < case they are needed. These schemes may 
df m successively lower priority terminals being assignee to successively better 
v eb associated with i to unty (he., gr* 

traasooi pe^von 

! foo^3 Ml i ! s f f , lays i 1 ,wa 

I i s S rade la < j rm , x ta? 1 

no i- | ! I > ( < i , i i iaeh iiii ns oetud 

ago- v? • h acol i I s s » < ; > ^ e i ? 

h i | i 1 r N ? ' i M 5 > a? s 

aaofoer of unasicgoed channels satisfies the tcrya;rabb <■ i ' ^ f i - _ V 
r o v < i ? s ^ > r b 

tb act c.t a: iTi * 

{1 ^a, <■ ' > < > , i > i are 

i v. a ah ! i i "? 3 a 

^ v > a ^ ; VXiit 

{13291 n one - ho a upgrade scheme, tenracab are reassigned to hetier available 

hjii d > ) at { 3 3 im ifJi ill 

-a \ e - Ha •> l t . , > >s * > , .5 t< < x m 

< f " a ore |sP1" ! n v>>. p ui ? i 

1 a i h n-v I aa " ^t< i u v , ! n t ? s s > ! . 

o'aoa hk a ■ i v\ i avc n 

' s< ! - v ^< ! ' \ f 

,b *c 5 i ^ i n* s I -> a ! a iv i 

i ' e'v thtr v, v c t >,n^ 1 aavd to then treai 
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whii i > ) be a «v< hp i ch one; as gom e sch« < > >! > bov« in FIG 
88 x ki> { i < ' ( >> > i 1 A v\ ,\h i ^ aol o * ''ua 

\t s. l<* kOh< ^ ^ < V 1 I V, i X N , *. iv 

t. < ?U >; c.p s.vb ,o J l p o s -v<- e-.b te -So; s 1 ^sv die uioh^Is ase 

si ) ! ? < ! ? ) i d ^ 

bene? obmnel tmnries} than the ori<poal as i«ned channels 

I i m I \ 0 \ 0 > 0 * i \ 0 V v 1 * ^ > ^ m ^ «. 

>t h ?> mow * ' > >u n b scL\io< o >5( ;t iss-d nuiv 

i > ih 1 e ' v v. < r o So; She \eleeted tCi \ 

|I333 \ i i ii* ^ > i ' *" * H k 0 »K <• u .0 

> <! , b i v v •> S o * >k u nn u\-v. vi 

p i K | > " > is 

upgraded jo the best available channel, a; step 860, winch is then removed Irons the list 
of iu> m channels, at step 862. The , » < J initially assigned So t selected 
k >! ' may be placed back on the bst of available channels for possible > \ > <n 0 to 
some other tower priority terminal, at step 864, The selected ieo/romd is then removed 
so > the bst of active o - o»u\. at step 866, regardless of whether or net a c m >- 1 
oi 1 s p i 

t s v i ! (i ! i 1 i * i ;n 

' 1 A OP t s ^ s i I i 

<b S > i \ harm Otherwise, if no chann 

are ushbie te> p N < - ■■ i ah oo >.n i ha (; > .r,oo-! ! i the 
s s ^ s v -• ! S t > r> i i j 1 to 

reduce the traosmb powers of the scheduled sad assigned koinmais. The process theo 
tembnates, 

^ ! ! f ; i in p i 

ble ol s h ? o , h b . ok > p i >v< > a fh 1 in \ 

s ^ i Ho h o\ 1 tr t 1 M c o-* I f ! 

i s > r N - s x , U * e >o o t ( < « i 3 t < 

op S\ s os.s, ;>~<o0\ t i oo-O < i o.-' > tbo t ~-. o\U M,>\v<\cf, be. iennmai 3* rot 
v u - ^o„i f\i i < n x * on , 
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the time the lower -priority termini is considered The process m BG. 8C may thus be 

r » ?i i ^ umi | Mii'i Mtni'toihi 

* liistw i ? i ! < s. s I j t 

n v nam* ; of n » i i a^aeS t ^ •> >k mo. h ten ^ en \< ! c -ch 

1 hi) i ?s ) >n i i) iK * tut i ts > -> ! v > v\ 

i S P i < ! !> <> < 

5! Bo] n another chasm - m i he differences between the duuine 
metrics associated witii the channels rosy he taker*, mto eccormi m the channel 
i s n i e < , > x - ^ 

n ^< i < 1 i > ' >> in vM<0" 

may ts o ' o -in mp-^oe • i m ' i r ^ v. > < e a ' nm ' or g 

n« in ; i t ' << ■, ! < ^ s <. (.tfnif 

may he assigned one of several channels and still he properly served. If a lower priority 
terminal has as its best elumnei rbe same one selected by a higher pnonty terminal, and 
if there is a large t m between the lower priority terminal's best and second hess 
comment ma « u ; . s e » «' 

'best dmm) and assign the lower -priori ty terminal its best channel 
\m i < I p ri >m tagt- 

the available channels that provide the ^ i a 10 < (similar m the tagging of 
Shi i h j 1hu.es s i i > > 

i i i < ' ~> » ! < 1 < f i, ti !ll 

are a m d » « < < * «> »» * ah are 

reserved, 

assigned to active terminals ? the ceil by considering a large .number of permutations of 
channel assignments over the group of active terminals in the cell. sY this ease, the 
channel assignment decision for a particular terminal is not made en die basis of the 
v \ ! > i h o a > >i 

k eo t 1 \ o \ f 1 t \ c <. i , ! » i » ) ei di 

eharmel assignments the ce 

I > > < n ^ o s n>\ d < icd hi i n * data 

transmission and assigning channels, first, a particular terminal may be assigned to 
i ai i os e charm 1 & so c&pal le of 
<< n rn n n-^ it S - 5 r < * ! t ^ 5 s 
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0 s ,< k< <. i ik M r)!^ n >^ i - d\ iO - * Ui i U 

K o ?\ !< ^ 5 iti '0 «i s sitd '! O s ! 

i i - i < i < fi K i 1 S s <- ! >!» « s 

u h y h>; is > a !% channels 

have e i s.ju.' u m v. ^ : >\ ^- , > ' o\ o^s^e, > 

< Us \I1 I U ! I ^ b J \ v 

ma\ be as . i » ! > - > - Sin 

( 1! S f t ! ! ! ( ! ii> t 

o ! n< * i entire 

transmission on that channel * be corrupted > would need to be l < >s ^ d 
tit 1 ' ' * ^ 

k't } < V > ' vSO.* 

! 1Mh c- mU . i <n . ' k ^ ' Ko% u>0'n . 

N * I ' ^ V ' ' V >> V ( 1 I 

' il U u) ) ie- it i f ik ! ' , s > 

arid so or. \ 1 » o < v I < < v > 

) hi ells n i « system t , i \ s \ 

channels * other cells, then the < w levels may be t teak S locally * higher 
degree of certainty and better i \ i < and nt, k may be possible.. 

1341 1 x > " b .!"d !.! 1 

in heavily loaded snuaborae A (e.g., -■<- t - -- ^ s renmnal may be e\ ea > a a channel 
! - - v. v. < a - < < > t e , ^ ^ no t 

Isas > expected n\ thai a; tower < o n ) hi bos s the ' i es may bo 
! isst^jcJ <.har v t , ov> ! p.sri 'hit sK b 

) | v. V { si * at ! V <(»!>! ! 

xs "> \ ! MO tdb ! 

3 - Downlink Scheduling for Ml MO svst« m 

1 u>t > i akdw^ \ v. b. (.<> n 

e , v a \hVO ■> ns u ^ .as i , U\ «>\k -*> r ii , be 

> h en >' it < < u - v <.'i)e i 

^ u! v S av b A Nev^ it the n, s c 5 ntc4e, 

! avatlablc downlink resources rosy be allocated < a single bllMO terminal In the 



<. n s V iHoc.3tf<l o c $n nx > each 

tennma! d*cc^du\«mg a single data stream And in die rmxed mode, the downlink 
resources may be , < < -e < to a mo o^.t ee of SIMO and MIMO teo\ ^ v with both 
types of tenmotd b, oa o * ^< >V 

" i O I* 1 \ t N V V ! V 5 

i station multiple m » ' i , n j to o e or mote scheduled ternnnsia. K die 

lis > f i h i f.i ermg, MJMO n ^ ' 

teehrnpoes may be used a? the teoinnibs to efficiently exploit the spatial 
, , i i ">M X i > > v m o- v i •< dn 

P r r a > perspective, the aasoe receive? processing techniques ;uay be used to process 

S ! i , l l < ^ > S' 

n the Nb signals (i S.1MO term 

1344] > n-rnnal I s I tibnte. ie eel 

may * > t >> t * i m n 

Is , l i s ' i h h At a 

pacta > nv chsnnc! responai ee <> m\y of b 

transmit antennas and the .!% receive antennas for a single terminal may be 
n ,> i iik H d» t i 

< 1 : ! <^ * n ^ i >i ' < 
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Eq {68} 



oNoe c ov vaphee hJov n ; ! e e 0-o e - i > - us eeone. >~ > ; the 

s * s* i i < < < s - ei 1 For 
simplicity, egaabou (68) describes a channe] c.haraeterutahon based on a fist iodine 

l >~\ U ? > > v. b v. ! 

> s I > I' i I U s< I 1 > i ! ' 

lOviiv v n i n. en c?k oi e n a ^ II n \ < <. i 
set. of values for different frequency subchannels or tone delays). 
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\mS\ ^ot teoxo h- r d> \«*V x r/>l«n x «. nom ms ( ,mm v dam 

n Si n h run n s < i ■> h s s < 

S transmit-receive antsnn > ! 5 is -> i 

< > * t , „ ! n v. k ^ a o ?r> m Vi v ,w v iio 

? < i s t dm i 5 u v ' * 1 v. < > v m 

P ( ! ! )* *,}S ! !ii N ! i ,! X ! > ^ I S s s*' 

n i and - seteci the proper coding and oK?dfoatme scheme for each transmit 
attfesiaa. With s avah&bie CSb various scheduling schemes may bs designed to 

Us i) > ^ N> > Is <■> Of 

i is < i < i i v n > provide fo best system perfenuance (erg., the 
fngheat bmmghput) «>• J m aey system constraints and , m > Sy exploding 

f 1 d i ! i si! I O 

boar cfom.mb esnmaiesy the average dowibdok throughput may he increased.. 
{} <4,<S ! <n < ^ > s 'it' nil i e i s s 

i i i < - >l v ' ! pay h 

! sn n o hv the base station foam each trsammt » n»> "n this case, (up to) Ny 
independent data streams amy be mnlb *m sb t t m. n by the base station foao 
Nt barmrm antennas and targeted to one or more terminals,, each equipped with N s 

i s h; h'ilM.Oh svh 

s r i ; s ^ ! - ? ' <\ s e s, o< t< o s 

summer of transmit antennas {i.e., « ~ N ) for much of > > > ot below. This ss 

m s s >> s»d s' ss > <! , s . o< s i <. fom> L \ 

» >4\ u > * ! 

S s V >-N > S < <S << < >> t 1 

"so ! .i ! < m> 1 -\l 0. i nb * 

s ! s m I 1 ? e mnmnaS 

n-.ay be combined to form one or mm acts s h i v >, m he evaiiuned. For each 

fooo*he i\ s ; o < mo ' — y ? < i r n ( , it the 

,s !nut ,j vo >t >i t ) > i i The 
i s i y ih«n be s t d for d raruams ion io m 

s temai Hi boo b - bmh ss ten h ' > of 

s s s , i t , em nl* ' o > 
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torn \ J'^ ^ vk a it v| ^ \ >r> i 

diversity environment. 

PW*| o s. i \ x he 'Vm ) n - t n * i s. 1 v m 

S } s f it K \i l h 

lata t? ; s f i o j s r r 1 1 >oti na < xfpss 

processed SNR hi s t amdna 
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Eq (69) 



where i < ! i s j v 1 <tra\ 

from the m - s i<< ; N nmuma.) 

113501 to the mmt< MIMO mode, she N 5 rows m tk .bypotbests matrix i 

i. fi *• f N ! > ! f a i f ^ n 

! hypothesis nn I gives the SNR of" each m iff data a a for one tu i 

^5 i. is, i ! f -<m ! s st x )l\)< > ■ m , »M i i ' -> < - \<i or 

o re < » i ? s 1 i K i i f etor 

appears h < ? rs ti nnber ot ? ; I ra > I s > I 

f >at ! \ % t >>!!>' u s I fi o 

>e used for hi < * ,i 1 i e designed to mad 

< N O i X ! , > ! ^ < !> ? 5 

|1351] s < m is h > s <ssO >a ibvpOsh«ift.»iJ{>i 

transmitted data streams are received by The mnmn&hs \ reewve antennas, and the Ma 
K-roi\ a -\_fi ' s *n n e << * 

» \ < ! j i t h > v f , - < 

stream {i.e., aher She spahabsesce-Oaoe processing) may he estimated and comprises the 
post-procss$«d SNR fbf that data stream For each Serosa a a semn \ a p ^ - 
we , ■> 1 Si \ i. > \ i t <. >< u . sa! 

S u s s v ,x u * ! * <> s v s t i S at a 

„a o ameers tea CxO J a nil 'me a * >o » s ^<hR teh ^ed n m 
aa-Mifia' for each a , rnma-d data stream depends on. the order ia which the transmitted 
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data \ <^m arc defected (he . domdn b , i el decoded* t<< stxovn she eovor.Jl'd 
each n t umi f possi detects on on. I h ! 5 

> n < v U< no ! < < v ,t v h ? ^ V v > i N ! > 

temti nd detection oo c m pe? sanee 

B53J ! > i » f aliKUi i^! > 

& specific set of one or more terminals (i,e. ; hypothesis) to be evaluated. These post- 
practised $NRs represent the SNRs achievable by the termmals end are used to 
evaluate the hypothesis. 

|I < j i n > ^ I iu 

terminals 1 h issio 5 hh MO s * * 5. \ 

js u ! 1 -m m f i ah vi 

x i ; « <Ci f ! !U V !N( v n. s. ,K e 

soon? o f these are described rn further detail below. For example, a n on ! )t) metric 
n a> in t\'o * ^ i o do used 

IJSS si > > i 

active terminals considered m scheduling, at step 914: This sot of terminals forms s. 
hypoth i 

s J s i ! f Of 

hypotheses to be evaluated, as described below. Fo s each sit in the hypothesis, the 
^ \!< e ^ v }u < t i n 

gp icon oat i hum ; i I < <. > > *>>>>> 

$W > i »f ' 1 > 1 m < I \ s Is 

v. \ , k ! < f > >«n m* < ! , to 

, N , , i s v < 1 i < 1 n s > of 

I'.im o , s! » > is selected for evaluation, at step 9 IS, This particular 

t o x m i * m m i , i i ) , , uu it i 

f!3$?l The sub-hypothesis is then evaluated and the performance metric hog., the 
w-stem tmougymu; xmmpord -<g to «hi > ! » 

V e sub > 920. This pertb.n me is ths.t ! < 

update the performance: metric eorresponding to -he current bes? sufohypnthesis, at step 
922. SpecihoaUy, if the performance metric for this < < p •> I * o better than that of 
the eurmse h mevhspmhests, then this snh h>potk,u, ; becomes the re-a b^l , 
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i - * x ( v x, r v k 3 cviix. u e £ r as 3 v <. ; i h k s 

uh h>p.'ir^<\ Mdvrc .he; *rre r3)ace<. aid ksaaa.d nouK ^ au d\ x ; )OeJ svlo* . 

[13SS| A - v ^ }< o> f l < N i > a* <■ o u»t o n>«r as s - s ^ s •> a - rb 

4 i i 3 a i i | M < s o k ^ t <- \ <i e a^ >v v1 

evaluated, then Ore procsss returns to step 9\H i a rr t ! 

combination of antermadermiosl mugaxnanls is selected for evaluation. Steps 918 

? >.< > ! i < ! * > i H U)i ' S ! 

S > ' ii SCj 

924, a dekreaeaooii is there made whether or slot ad hypotheses have been considered, 
if - > 1 \ h e < v. ^ > n v ^ \ \ a > > s v 

' i ii) i <, ,> ,ii > < ! >U n * ^ - \ 0 , v i i 'si UOO ) 

peeps 914 ihi'Cfiigd 92 a arc repeated tor each hypothesis to be considered. 
|1..MP| yp , s -< tkp Pdd, then the specific sef of 

memorials scheduled for data transmission in Ihs upcoming trsnsniisskai interval uv4 
their assegoed tnmamb antennas arc knosvn, 'The post- processed SNIla corresponding to 
> I ) > 1 < m a > i U pop 

>di)ig an s t « lilted erodrads 

! >, ! m * if > 1 ) * si a ! N < 

, I <3 , i » i i > ^ ! 1 *! ! - V::.:. S 

u* i io < < t tV ! s < i , f , e-i 

i m >d > a i 13 > < , < <j * \ j 

V O^ ') v x ,3 

, N ^a^i s. i f 1 ,! i ! > i. o to b 

i-rmmtahsed (e.g. the average dara rate ever the east < vtm^nissAon imervasA iateecy * ' 
\ e ) x^<^ n-- i < ! > ' N i i ! f i\ a t3 sit 

v >e aset diss s ) < 9 * i < S i i u <\ 

das >ed b c-\t ?&ehedoiing is lyrically perldi ; ^.n ? « * s 

|13^1 sau I 

)h as tie «.? -a )ni a > s> * * ■> to 

en e dest assignment tor the h h Various 
k>^< js a it si sn ^ i k \ - 3 s *s 'e i ii s -> v <. sJ > s! \ , 
fairness, performance, aid so ota 



m 

\ < < u3 n r ! s a t „ h •? ! hs^ h s <r o bussed 

based h i •> \ i x oc«^*t\«k»* \ i < „ t. i > ti> best 

t ?> i ( <■ u < ? . o ! ^ i *i< t\, '£ \ 

(i.e., Ni < il* ' i > ! t v LkI m 

* ,< , ; b vu i i \\i , ^ >. k 1 V* o 'batjusw' 

Each * i- ' s s ! > be represented wuh a of post-processed bNR , 
which way be expressed as: 

i < ! N \> N ( » > ! >. ^ i e 

SOfi i i ( i, i \ >i> >\ !! 

mm iaf%& vssk 

\ *< *• i 1 < i < ! 5 i < fx 

d , > > < ! < i ! 1 > Of iOO i. " J ' 

based eo the posPpescessed SNRs may be expressed as: 

vhcre /{■) i« > the 

pareraheses 

He? ? >> ^ S i ) t ! i v 

erabocaraeop a umcoee ot the achievab'Se threspphpes for ah Kb- traesfob areermas for the 
-de ),o d x , v ^ * Is i 1 \ee < 




Eo {70} 



Ahae > is u fb'oe,-put equated e lb the ? th h i ^ms , i -no i :hc so? - 
y]K \ s ! spressed 



Eq(?l3 
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where c l is a positive eoostant tfe*t reflects the traction of the theoretical capacity 
achieved by the coding I u < < ^ > scheme selected for me data stream transmitted 
un she > ih ! tnsmn intent and . ^ tee oe f ro.. • s. a yba T' Tv mh d„da sheam 
113661 Tilt Vm wieana assignmem < eon vhow; hi Ff« 5 TP md bscnbe< a bov« 

transmit antennas w terminal*. The nmb number of potent! at sub-hypotheses to be 
vmP i r.y ;} cherhhcf reai 1 others T-d hies iay be h ae consak apt 
that i < <> c t > -v >^ ! > > i S u« v v ' oi 

I > I i N ! i 1 ( 

. s > ^ system performance, as momdhsd by the performance ummc used to select 
ihe seat su ? • ypo <r ; ; 

|:bfo?j a : - > • " <■ 

processing to assign m antemms. One of these techniques is described below, and 
thets s ) < K " m > 1 . te ! ' s 

h f mo* too pc- te; rs h \v > a 

m w - \>tuiKJ to assign transmit aiPemvas to << N \omaj$ 

||.K>S) Is a second antenna assignment scheme, a nmamnitm-rnaxmmm fbnsx- 
mead 1 ) criterion < used to assign transmit antennas to the terminals in the n ) 

a' 1 \ o v N i i i ><n < > m ho o a 

parbcotar tenoned that achieves the heat b\i for T trao-nod o a os<> Use a moa 

< s< I <. 0 < ^ O , i 1 ! , 1 i , 

51300 -\ ^ N o >o 0 < mn > ! , , j i f ,! i vV <•>*<> m t «„ 

sis s <■ < ! ? m 

FhG, H is performed for a particular im ! winch corresponds to a on set of 
>n o; cava mis ! at h he maximum p < > <i SN ha hop* 
matrix f is determined, at step 942. This Bmaooumi SNR corresponds to a specific 

n i „ u, o > > I an i ! 

,a step naa This transmit antenna and tera.-o.n av rtc-a '.^n-a \ '■--><■.} 'hi- ; >ym> b. 

~ ^ s i d' s i o i \ te "a i >^ m > h donn 
co espaaO taotctravem muaa aih -'he oa eo cspo ii > «. th ten 
*5StgJ! d, Hs'ap- J 40 

Itrl*'*} Vnk§. 4\ a oc?c i! n-a ^ecfhc r rot < >^ono)annv 
tec hypobxmss o t c bec: ^ \ . t i Vimv" ;mienoas ^ , been assjgoeel then the 
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^M^Ri ri ^ 11 \o \ d d< \><x > t v 

i OS ^ frt '* <. < i ?! ! 1 i - \ i ! > ^ X II il v 

* i ■> 1 <■ 1 01 N s 

f, the perforoarice metric (e.g., < system hooughpat) eoiresponding to hos ^ >v , 
amy.be determined (e.g., based on die SNRs i ^i»]n<^i« i \ -nw^ 

as k n ! > i «. » v > } v i ■> each 

fops When si 1 > > v have been evaluated, the best set of terYnorais aod 
amem-a assignments are se;ec;«d for data oonsirecoims m the v < m i ^ 
istcrvaJ. 

r„) ! ! x ! i, > 

i \ i sd^ < Ik v k ' - . m m 

? i > ] i i > ! a v -i K i 

\ i , V ^\ O h X t fo i >(! 1 x ^ v 

achieved by transmit antenna 3 and is assigned io terminal I N as indicated by the shaded 
box m the third row of the fourth eofomn m the table. Transmit m 3 and sermioaf 
t ^foe-o h\-i \ v lb me w > t> ii > (. << >\>t?mtr^ 

to f > - no ! - \ to 

m mm Us 3 ami 2. The remamnig trans.rmf. ,eK N is bms. assigned to terming! 4. 



Table 5 



,\\K MB) 


TnxosBik 








! 






4: 


1 






mm 






8 


Hi 




•• 


Bill 


_1 






< 


12 


hi 







[im\ \ > « > de^dod m Fft *-S ! » n j } 

s c os i s i i n> i ! , i 

active terminals desiring data transmission m the upcoming transmission it i Use 
v i * % n ! ! \ ? s iu5 i sk 1 i' s ! i 

i tint 5kio H x * >> ^ J L tv H toa'ti^V o vywtbev \ v. ^ N 
expressed as 



N N - , Eq(72) 

ftis 10 V n t k U! > ,K?svt- if mh o be eo;Ka.kre<j ibr --me Vtu Per 
m > i x!< N -» ! m ' -m exhaust v< ch be used t 
n t s * ' >oti ! bcu to ypmeats) that 

provides the >.>">< system performance, as noamifmd by tht performance metric used 
> Ki \ m s lu x - 

! P * } < «. t<i i !. 5 v ' > b 5 K tv> be 

} f ! ! , O ! ^ - s ! . s V v. N 

>kv O-m ? n ' v ! : 0 O i ^ O ■> t s -K ?K > <•> N L 

U') ' "i 'Of! v. ) » ^ s O 

\\^^} > i K \ > sd ! * 

imnsnussioo based on their priorities. The ..priority of each ,;m o may be derived 
based u 

V ! » ! ' i ! N ! ( < \ 

< ' o above. A list may be maintained .for d? active tercimaia desiring data 
i x a ' ! t f\ s >\ 'kiunl s data 

( v. 1 }K tu t The 

metrics of each termmai u the t are u ; updated tor each \ i icmM * aneroid. 
Once a terminal no longer desires data. transnommin d fa removed from dm list, 
* t tn ! k 1 , t o i u ( \ ? k i 

for - e A] * \ < \ <. j 

\ O X \ ^ ! ! I ] i O 1 j 

for data transmission, in soother embodiment, fee highest N.v. priority ienninak m the 
si ,k. „ - \ m * , i mi t 

o; .. i, s , > ( , % 

>. s<. s ] ! v a \ ki ^ < K ! b s >o o o o i 

> t \ x ! o ! lib du ! i> m<:dmptKO \ i * 

to iii" > ! the hst a;.d ^cL\t>- >c n o < * os * u\< \ stop 

962. > } n < e 

k >oi J t t ' ! i \.<n{ik l> 

- - ! id -oav hv sensmed ;od l^cc :o mnv 

: t s a. - 



»-St 



100 

i c-i j rt i >tor nt>, „ ^ > do. Jv< K4 ^omh ^ 

f i > t \ } i I O "J > V ^ % s I \ 

i * ,^ \ | '»>'< f vus^l i ,uoemu <s s \ u K ^aJ on n 

> j i < ?-ma crih on cribs 1 " ■> < \ 

t k * i « > > i , x P\ a t la 

,.!! f n a " rem 1 > h?\\= a> v os > ' ru * 

|I3701 ItlJ'ilOt an s 'J 

' >- \ U S O o J ^ v d> ;Ki ^A! : 5,0^ 

may be reported to ihe lasha-dided ternimais. The metrics of scheduled (arid 
, ( s i n i 0 s o -si f > s » t s > > N \ i ^ i si » 

i 1 i << << l ! <> ^ ) S I* < s > " 

Umi »io sh 0 i t> M^SK.vi i> ft.tmhttml. shoofsr 

Ij.S, P ! s t = < >eria ' > 45, erP , Uihod aud Apparatus fox 

- HorinUs;; Rt^oarc rs s M Hi| 0 put Msdt'pie Output pVPM 1 

v < > a j < System./' Siod May 16, 2001, assigned to the asgjgnee * h present 

xppli i i i s po 

4x Uplink Scltc dglisg for M s ; 

\lMij \ >ect i } p t; is h 

eapaedy of a MPMO system. Scheduling schemes are i < s to schedule oph.sk data 

' >x s \ i s< j < 4 MM*. fUU > I 

that employ muUpefc aoteooaa. Both types of oaomods may be supported 
s s ' x i * * * ' * ,»i may 

he \ v! v ^ ^ -Oau :o vs StO ' ! 1 f Ni 5 > < M M 1 

! ou. subie u u 

CO v m x ! ' \> 5 Ms P 1 t " n d ji \< i 

£ l V' \ S \ M <. ! i s < 

?H2 s ! ^ ^ s. k >\ I a ^ tm m S > i <j f p^ < x < 

Uti ! s ! t n ri h J sm ) s m 

\. < ,>0 ^ » - - < s w > m ,«« < ( i n < 

by a vector fe ? whose elements are composed of ixjdependent Gaussian randosn 
va tb!es, as i ^-s 
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> ' , 1 i '< f > v < 5 ti i 1 <. ^ <- 

antenna si she base siaiioro 

> i 0 H - si < ! Hi T « > * 

< < s/ ts 1 ih o to adotwe a common ^; -wt « , , after signal processing at the 
oi ! , I i ! ^ 0 I ^ n n f 

ft i S il 0 t{ I 1 1 i ! 1 1 

power control eooooa.nds from the bast: station). Alternatively, a unique seapoint may 

> ' > i.i t - h \ 

{ > O > t i 0 , Xi 4 \ > < 1 i It » 1 < 

different krro » i < < h w •> i i 

\ W<e ) p>. -> U > > 1 - J \ 

1:13841 H i ,m< o t > * > f nu «»;< 

i ! ! < i ! £ t ! Iiwmiui 

be de-ssgjied to maximize the uplink throughput by soheduhng and < n o < * -on i 
the w j!J< i, i s >- > * * > 

- oat ,i The scheduler evaluates which specific • u s < of < omm 

v ! t si ' ni o i< 1 i > i n'MsH aio to 

< ! o |m< L i s i( o i ( p , i',! t \mem v) 

u 1 * I s < < > i , > < i o 

v i ^ ' i < s u, 1 , i t it mi h t 

d >m i ^ >.h\ „ ^rjn.nie te^rmruK 

that ww 1 t a ii:s sam oa n ! N 3 *m * h < ; ! 

'X \ i < i o > > Si i u , o t U > l i 

multiple oxers. 

n > d o \ w >e >o0a n 

MiOMffl K \r smviiLoeo. i o > s^im s cuu^l r, n - 

that system peffomaanoe is maxsoooed while eoufomnoa; > i system constraints and 
s tnenls 1 N vroah arc sckc d s aw is^ton «jd ead isrmina o 
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one antenna, then the channel response matrix 0 corresponding to the selected set of 
isirti'oa'o < « o< , - * n\v i s> r ^e 



I| «[fej h, «. | Kf ];* 
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En (74) 



1' 13861 - f > > 5 * ^> ^ c ^ o t» s ,;y.,p«« nngteehfnd.no 

may » the base st > t! p? traromi >tn th 

terminals When using Shis receiver processing technique to process, the received 

i i «.s d l > s n n * ( up ; 

v i q s n o ! > sf i » i n < data 

transmission. 

|1 m» > \ t ow 4 m harentoi a psores hednk 

t S I 5 nt d * > > to - 

> t 1 o s ' i o ■> < 0)Cti 

metrics may be nsed to evaluate the terminal selections as described above. 

\ < 

S5 b c. ny to transnbt data rr- the upcoming to \-n t \ onervab r step 1014. 

< 5 , ^ , < i > f » > , < t Ob 

for > n ! h >' o '03 3 < 1 ! < ' (e.g., 

n < < >o > > in < , < 1 < ) < i 

n> > v t ! 51 > 

j1tgO| + 5 l i t |.a 

< u nn * s hn ! i J 5 M t i i | * s 

* > i p 5S S ( ! ( ) ! V 

.set, at step 10? 8 Tins particular order forms a sub-hypothesis to be evaluated. 

s . m f < i b t t rob v u < 1 « < 

, i \t<p ho ter-^ <-a ^n n o in e > -s p? 
\x> *.* v , i5 < s -|, u 1 >m <xnon uctcjjt! o on S^n , ! < 
mas no <. cO tt ;n "ue^o < * ' o ecenes okk'.^> 
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deserfoed above. The performance metric i foe system * > >* ^ > - v\ i 1 , 
to \ o h v s ! < I i 1 \ h processed SNRs 

1 t i J i ii'- 1. I ! ' ! ^ i 

> k i ? x e O' c ^< i *m ! » h k " ! ^ \ me fo o\s *U , fo 
dp.-cfokafoy. 0 foe performance metric for this sub- hypothesis is better than thai of foe 
v ■ > > s< to - ii' si ;i« <> < < s <- ^ * o- to ;k\- t\-s; sub- 
I i i i > j i , - > mines corresponding to this safe- 

0 o . e . < vi\ut 

A i sk s i < * N see i o 

( <~\. h ~v c\- (v, tsi is 5 a< r s 4 h aU n i| v bam no 
been * , ! 1 * d o yet 

evaluated order for the cue s m foe set 5 selected for ..jiw Steps KdS 

<<<> 0 4 \ v< < 'u < n > 

P Oto ! m > > r > > fo J V V"iU 1 ' 

! i * 1 i! , !< i < 1 i > ' s' x .v. ) s I s i 

at atop 1026, if all h\p have v bees considered, thee the process returns o step 

1014 and a different and not yet considered set of terminals is selected for 1 Oi 
Steps 0 ! through .1026 are repeated for each hypothesis to be considered. 

I > * < i > v 0 

1.026, h<-e the ??axdts to e i ■><%,< U\ * ) < . 

1 i ^ * f I > . U ^ I I ' > 

X i i 1 \i 1 1 n ' ! 5 1 ! d 

,\ n< » interval, at , - If the schectolmg scheme repmres other system and 
r t m . t K i *\ j i c a\c s v. u u h | r 

! i ! s < >■ * i i i >> , n < * if 

' i e o o^> v hi > ' ir ' < s ■ < x o \ > f 1 rs< >an c 
foe sedi vsduai tere.de als, 

|1394| The evaluaOOit of the sufohypotheses ;.e step 1020 ?oay be performed based 
<! bv u f ^ 1 1 s - j. - . v. i \ f ■> s< ise i5 i t f t - 

e^e< e v l\ v st > 1 * ^ ^v^-sr'tee^ <. ^ * t \ i 

v ^ a" J *o t x <• . * u o I N w - ^ed ai\vs foe ee ! c m e lous ^e v 

M l s t t i s X i O* ! > iOs I » < 

v o a>„ " v. ''fou> h oh - %e „ \ ~4 j - 4 o i „ | > < ! < 
factorial seh-hyeofoeses for the hypothesis. Each sub-hypothesis corresponds to a 
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p cifK ordered act of terminals u ~ {<y , r> u n } ,\k ih< successive c mcell&i >n 

ocesvf! i .>>. - - a ; o, > ki & pt< <. - the mnuns s n >m pte,sc> n> -d ordered (i e 
term mat s 

n m i > < < ! po ^ » f i x > ,' c , , ,n\ , 

expressed as: 

\s$ e < M \i « c <, < < j u c> p tm ! P mow <> > h t h 
hypothesis. 

P t 1 * v > 

A 1 x nh u \ 1 ! s ^ ? v ! u, 

metric based on She SKR.aoft.he mrmmals may be expressed as: 

Vv x 0 f{ O i\ O , * 

I W> X v. 1 < S * " v. ! X Li \ t 

e I i d ^ < a S ' > i ii os She eemevahb s» ( >« Par &b \ sn for the < 

-> \"> , x x > ! i n s ( X < ( i<\ < 

5 8 o < < ^ s * dx t m < I v fk 

i «. v s ^ s v receiver > < x > % be used to derive she ' ioiumk 

< i i v < i t i The 

performance metric computed for each sidvbyeoiPems is compared to thai of the current 
m b m 11 v 'nao Uioi i dx < better, 

then that ^ m s e the associated perPsrirumee metric ami SNRs me saved as 

1 x ix x S xH Pes >-h p >tb x 

pfom' Cm ah s b m s : s j j ^ m o m.M ^ o vune> is 
x x b-l i uied fo m in m 

npcec \\ p ? s m \ em > x.0 d Pv x ^ x e x Ox h > ' 

P < a t s x ibiion mcelver process < 1 

x4<StiOTi >! - '> V V M)xl><>t sv ; ' > Px \v !% » yiuktf xt x !U 
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processing order at t?i« base station. In any case, the sub -hypothecs is hdrthe? 

} i v < i i t\ Ou ^ x nrs as <. v njix b< d f 

or; the sebcted ei > order. 

ji*£Mtj h« *'> iO M i! 

i hi < 1 < U | SR f 5 JV v U"> d 

\ ? \h NRas) j s pi 1 < vvl en use the 

> * ) l CSi to according) y adrasi 5 adapt) their data processing to achieve the desired 
love) of perfonrsariee. 

h4i*U 5 > i f ' ! > *■ s ) ^\i> 

^dst. ;h. ;,.)Ht'.iC U r<Wo e>V ks --!-m ^. J.h i oM.eMe K"VOue\ 
* ns * n si ( i ' i > > i > s s \ k . i\ v e d 

potential sub-hypotheses to be evaluated by a scheduler can be quite large, even for a 
ma! i 1 > f >ou- J > I . * cscn eao ht 

expressed as: 

k •vfthsSfe • ^ 75) 

v \ s.iUihX' s < 1 i For 

d\\ ~ C CO b ! < l I S 

to < s * • * n • « » « i v as 

p v s < ) d i-.eci waah have 

o v d v < o 1 ( 1 .f. ' ueh eph 

x( I ah a \ I ! * i ] ! i hi a 

>) Mi $ < i e I ! i ores. 

itihJmi i Vr <■ »*. u;soo:n u »0' > - a<i nan r^is v s o-> t - - a 

i \ - i t ni eq usoi h 

1un\ o ! ' > > M i o, (t 

t ! OS. SSS !! I f > \ t 

based 05! a specific order, foe processing order may be based or tee priority of she 
v. 1 s\ » ' i s i <. ; s N'fr-il ' ! I bC r *n\f>. ! 

* v \ s f-K'i l„"t d - Si >^ r sv,J » << t», SO O if>^ MC Is ! s 
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p rn 5 r so , > < >s ? is the n <. 1 0 Lu^o f i ^'^dh 
emergency service priority, and so on. 

In to i i , <• i > > m d\ s u >\" m k» > ! s 

l\ pno 1 k - FiOv t x a o < xK m 5 o >o io - if m, hs n< \ b 

<< < „P , 5C it >. i ' . s \ v s o t> s <. ) s 

are <P * u > < s ' > * t >s i 

, i ! i t < i i i. (! i _ V , V \ v H\i 1 

with N !: >N, N, . 

I4v"4| FIG. t OB m s Slow diagram of an ^ >< m of a process 1040 lor a 
t o b , 1 Hi i K , ' 1 5 

for \ f -i s> on die uplink. For each naosrmssmn mtemst. the scheduler examines 
lh$ priorities for ail active ? »? i in < Hst end selects ids \ highest priority 

iS 0 >5 5! h v 8N.1J ! , 1 ! ! 

list OK Ov > s . <. ; ; m k « V 3 so 00 i 

- v I - 1 I ! ! \0 K < < ^ > 

the Ny selected terminals ;s evaluated, and the corresponding vector of post-processed 
SHR > , far o > s v < It sub- 

f s ! best sv& 

>s m , t sk » H ' s x ! h i j y 

jv' v I K V i i > , O O I it KtH'l ! i a i 

so --i^! i ! i 1 n 1 i »i i U sub- 

hypothesis may correspond to the one thai comes closest to norms is rang the priority of 
tin vdmustt heir no: moo up i 

m's * s ^ < ^ MP « , o < . I m l si rv uN 

" ^ v , , N 1 < j : i o m t 's for 

» ! i 1 Si, \i N jAO!^ ' OP? *t| i 

Communication System." died May 16, 2001, rO to the assignee of the present 

, N } ^ v O - ,. 

\ x ! m h are 

V O \. t. m » hi U t I l O' X ! 

its* v. > >m> < \ nm > n i se 

SO n v. * t < v i j to t 1 v o I ! i t v I! >! 
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